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MESSAGE FROM THIEECTOR

When disasters strike, Seattle needs to be remdsind readiness starts
with understandingwhat t§ ELIS Ol @ 5Aal adSNa K
RFeX odzi GKFG faz2 YI1Sa Ad KINR
the Seattle Hazard Identification and Vulnerability Analysis (SHIVA) co
in. SHIVA brings together scientific research, histbreaords, engineering
insights, and community knowledge to assess the causes and conseque
of the disasters that could affect our city. Research has shown that
awareness of hazards and their consequences empowers people to ma
better decisions duringisasters.
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program. It identifies the hazards the City of Seattle, its partners, and the

community should prepare for. Developed through more than a year of research, engagement with city

YR NBIA2YyLFf LI NIYSNES |yR KIFETFNR SELISNI&S Al LINE
environment, and economydfore analyzing how 19 identified hazards could impact the city and its

residents. This information guides the development of policies, plans, and programs to reduce risk

across all hazards.

Qurry Mayer, Diredor,
City of SeattleOffice ofEmergency Management
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EXECUTIVE SUMMARY

The 2053 Seattle Hazard Identification and Vulnerability Analysis (SHIVA) revision offers the public,
elected leaders, and City staff a comprehensive assessment ofiliavdscausedisastersand how

theyl FFSOG {SIGaGftSe LG Aa GKS 2yf @& NBa2 didkng thel K|
latest scientific research on hazard intensity with the real implications for our community. Since the
federal government is proposing significant retions to funding to support local disaster

preparedness, t@eted strategic investments to reduce disaster impacts is more critical than ever.
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Biological Hazards Built Environmental Failures Cyber Disruptions
Earthquakes Extreme Heat Flooding
Hazardous Materials Incidents Landslides Power Outages
Severe Winter Weather Social Unrest Structure Fires
Terrorism and Targeted Violence Transportation Incidents Tsunamis and Seiches
Volcano Hazards Water Shortages Wildfire and Smoke
wind

In addition to individual hazard chapters, the SHIVA contains four supporting chapters: Climate Change,
Community Profiles, Exposure Analysis, and Hazard Scenarios. These four chapters provide further
context and detail about the social, economic, and jitaisenvironment and how hazards interact with
these factors.

Thetable below andshown againn the Hazard Ranking chap®summarizes all 19 hazards on one page.

It shows the potential severity of impacts each hazard causes, roughly how frequently the hazard occurs,
and its likelihood of triggering secondary disaster consequences. City staff and subject matter experts
evaluaed these metrics to score each hazard, with the results forming a ranking showing overall risk
Thepriority was identifying hazards that can cassglden, acute, and complex threatslife, property,

and the environmenand their potential consequences. Because disasters are rare et@stprocess

involves uncertaintyAny of the hazards in ihistudy could bringmmense hardship to Seattle

Key Findings

1 Seattle communitieslo notbearthe consequences of disastargually. Neighborhoods with
higher proportions of people of color, leimcome residents, and historically marginalized
populations have a greater exposure to most hazards, including but not limited to earthquakes,
extreme heat, flooding, tsunamis, and vato hazards.

| Earthquakesare{ S| (i (i f SQ& Y 2 a (iThere\isayl dstnfat®d 8y prabability tiaRthe
city will experience an earthquake within the next 50 years at least as powerful as the 2001
Nisqually event. Seattle is also at risk from stronger, more damaging earthquakes originating
from the offshore Cscadia Subduction Zone and from the Seattle Fault, which runsaessst
through the center of the City.

1 A new chaptehas been added owildfires There is a growing understanding of the threat
posed bywildfires on the west side of the Cascad@scentresearch identifies the history of
megafires in the Western Cascades. Such firesné&exjuentbut would behighly impactful If
one were to occuin the Skagit, Cedaoyr Toltwatersheds, it could haveevere consequences
F 2 NJ { Srinkingviater@ad power supplyThe Pend Oreille waters in northeastern
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Washington is also vulnerable to fire a®@ dzf R | F¥F SO0 { SIAddilidn&ya . 2 dzy RI
wildfire smokecancausesignificant health impacts.

9 Seattle faces disaster risk from both rare, extreme events such as major earthquakes and from
more frequent events like fires, urban flooding, power outages, and extreme weather. The
frequentevents are less individually harmful but have a cumulative impact that increases the
risk they pose to Seattle. Our emergency management system must prepare for both types of
hazardsThe increasing frequency ofany climate related hazardsiggests a need for
expandedcollaboration between emergency managetsyto-day business operations, and
policy makersnitigating the effects of longerm chronic hazards.

1 Hazards thaimpact neighborhoodare generally more managealttean citywide hazards like
extreme weathetbecausdewer people angroperties are affected andecauset is easier to
apply resources. Nevertheless, these smalieident challengeresponsebecausehey draw
significant resources away fronormal City business operationgeatingdilemmas forCity
policy makers.

1 Extreme heatsa deadly hazarih the second leastir-conditionedcity in the USparticularly for
the elderly, those with chronic illnesses, and those experiencing homelessness. The 2021 Heat
52YS KAIKEAIKGISR GKA& NRA]l P LGA AYLIOGa 6SNB Y
The longer extreme temperatures persist, the m@evere and dangerous the health
consequences become. Had the 2021 heat lasted several days longer, severe health
consequences would have risen dramatically.

1 Windandpower outagesemerged as priority hazards, driven by serious widespread impacts
that occur with relative frequency. Seattle last experienced a major windstorm in 2006 when
thousands lost power during very cold weather. With future power demand projected to rise
signifOl yidtes {SIGiGtS gAtf 0S02YS Y2NBE RSLISYRSyi
capacity. This in turn makes Seattle more vulnerable to disruptions in the regional power
network which suffers from underinvestment in maintenance.

9 Drones are an emerging terrorist thredthere have not been any successful attacks in the US,
but the decreasing cost, increasing ease of use, technical advances, and the techniques
developed on the battlefield in Ukraine are making drone attacks more likely. South America is
experiencing a ske in drone attacks by extremist groups and criminal organizations that have
sent members to train on the battlefield in Ukraine.

1 Increasing political polarization has brought more attention to the hazards@él unresand
targeted violence, both in Seattle and nationwide.

1 COVID revealed hodisease outbreaksan create prolonged and widespread social impacts
beyond the direct effects of the disease itself. Disease outbreaks have been given more weight
in the hazard ranking process due to the impact on youth, the economy, and social cohesion.

1 Cybersecuritys a continuous threat to city operations. The cyber ransomware attack on Seattle
Public Libraries in 2024 underscored the increasing consequences for critical service provision by
the City of Seattle and its partners.

1 The December 2022 South Péidod revealed the increasing vulnerability of ldying areas to
compound flooding, in which flooding is caused by multiple drivers such as sea level rise,
barometric pressure, high intensity precipitation, tides, and stream flows. The United States
GeologicaBurveyreleased a series of compound flood estimates for King Canridgcember

Ny


https://cmgds.marine.usgs.gov/data-releases/datarelease/10.5066-P13HYXKY/

Cﬁls g‘f!'?i'ég‘;f Emergency CITY OF SEATTBHAZARD IDENTIFICATION AND VULNERABILITY ANALYSIS
Management

2025 showing a large part of Seattle coastal areas and the Duwamish Valley are vulnerable to
compound flooding

Hazard Ranking

The table below summarizes the SHIVA. It ranks hazards based on two scenarios: one that is

representative of events with an annual likelihood (or frequency) of 1% or greater and another scenario

that is representative of extreme events that have an antikalihood (or frequency) of 0.1% or less

LISNJ @SN ¢KS NIYy{1Ay3 NBLINBaSyda GKS {SIFGdtS SYSN.
concern for our hazards.

How the model works

Hazards are ranked using ti®mbined Rankingolumn. It captures a Most Likely Scenario (the more
common events) and a Credible Woesase Scenario (the rare extreme events). Both scenarios are
evaluated using ten parameters that capture community impacts. Each parameter is assigned a score
from 1 through 5 that are averaged to geBase ScoreDefinitions for all parameters are givenTiable

2.

Two additional parameters$;requencyand Cascading Effectéunction as multipliers. They are assigned
a score of 1 to 5 then added together to yiel@ambined Multiplier.

TheBase Scorés multiplied by theCombined Multiplierto get a Scenario Score. The scores for both
scenarios are added together. Finally, to reflect long term trend&tare Emphasiscore (also 1 to 5),
is added to the total to get Blazard Score

Scenario Score Average(10 Parameters) Sum(2 Multipliers)
Hazard Score = (Most Likely Scenario Score) + (Credible@émstScenario Scorefrature Emphasis

Scoring was done by Office of Emergency Management staff and the Strategic Working Group of the
Seattle Disaster Management Committee.

It is important to look beyond the Combined Score. Many of the scores are very close. The breakdown of
the scores reveals how impacts differ across hazards. For example, some hazards impact people directly
much more than infrastructure while others are ersed.
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Hazard Ranking
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INTRODUCTION

In January?2020,the first laboratoryconfirmed case of CO\UD® wasreportedin Washington Statelhe
global pandemic that followekkd to thousands of lives lost in Seatfllousands more had their lives
upended.In the middle othe COVIEL9 crisis, outrage at the murder of George Floyd sparked social
unrest thatbecame violentThesearejust the latestdisasterghat stretch all theway fromtodayto the
Great Seattld-ire of 1889 Theyincludemany more eventtike severe winter weathedandslides,
flooding,and power outagethat havedisruptedthe life of the city Despite the seriousness ofdake
events,Seattle has not experienced a true catastrophat itremains a possibilityThe most likely cause
would be a major earthquakéut there are othehazards that could produce a disaster of a magnitude
not yet knownin Seattle.

Disasters overwhelm communities and the resources used to respond tg th&sountermeasures

are effective in mitigatingmpacts Building codes, infrastructurienprovements firefighting, emergency
managementflood control projects, anthndslide stabilization efforts are just some of theestments

that havesignificantlyreduced loss of life, property destructiocommunity disruptionand

environmental degradatiorHowever, hese measuresome with costs, and is impossible t@uard

againsteverybad thing. Therefore, it is critical to understand which hazards pose the greatest danger
toourcity.¢ K 1 Q4 ¢ KSNB (KAA& R2 0aardhaicauSelivaStars ihSeadad G | y | f &
their effectsso that the City of Seattle, partner organizations, and the public can make the smartest

investments tdesserhazardimpacs.

Washington State understands tiraportance of hazard analysiBhe Washingtodministrative Code
requirespolitical subdivisioshavecomprehensive emergency management plans thalBasedl on a

hazard analysis or equivaléntVAC 1180.060.! RRA (i A 2 y | enfedgéncyfm&naderientS Q &

program is accrdted by theEmergency Manageme#iccreditation Program (EMA®Rhich requires

accredited programs tmeetits standards for hazard identification apecified instandard 4.1 othe

2022 edition of the Emergency Management Stand&tdAP EMS-8022 This documentulfills both
theserequiremens. It also serves as the hazard analysig idzLJLJ2 NI AlfHadar@d Mitifatid® Q &

Plan Finally,it complementsthe Threat Hazard Identification and Risk AssessriiBHtRA)a FEMA
definedmethodology focused o®2 Y LI NA Yy 3 G KNB I G 30 LA -oOMPhBAIOCARSSRIR v SR W
broader than the THIRA amthables the City of Seattle, partner agencies, and the public to better

prepare for, respond to, recover from, and mitigate the effects of disasters on our commimitying

a2 A0 FT2Nyxa (GKS F2dzyRFGA2Yy F2NJ GKS /AGe 2F {Srdd

Defining Hazards

Most of this analysisonsists of chapters covering specific hazabig before considering them, it is
important to back up angrecisely definavhat hazard are andtheir relationship todisasters.

C2NJ GKS LlzN1}22 aSa 27F (KA aproteys, phenémerpi or humanladtivigNiat A & RS
may cause loss of life, injury or other health impacts, property damage, social and economic disruption
or environmental degradatioh'éA hazard is @henomenorthat maycauseharm.Depending onhe
situation,a hazard magreate an incident thatan be managety individual or small groups of agencies
with normal resourcesA hazardcanmanifest as a disastedefined by the UN &% Iserious disruption of

the functioning of a community or a society at any scale due to hazardous events interacting with
conditions of exposure, vulnerability and capacity, leading to one or more of the following: human,
material, economic and environmentisses and impact¥éThese later eventeequire immediate
community responses that are made more challenging becthesealso increase the demand for

critical resources, cause logistical difficultsasl communicatiors bottlenecks and often create unique
situations that require rapid policy makinghey are the subject of this analys
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Hazards are measured by th&iequencyandmagnitude Frequency measures how often the hazard
creates incidents. Magnitude measuiesident consequencedhe relationship between frequency and
magnitude is nodinearas shown irkigure 1 There are many more small incidents than large incidents.
For examplelandslides are a regular occurrence in Seattle. They happen every wiatanost are

small havelimited impacts and can bemanaged by individual departments or personnel from several
departments working together ithe field.Larger landslides or multiple landslidesppening over a
short length of time may require involvement &¢nior leadership fronone or more responding
departments.Leadership gathers in departmental operations center (DOC) to manage the int¢ident.
the landslides have extraordinary impaatitywideresponse is necessaryhe City of Seattle
Emergency Operations Center (EOC) will be activ&ersonnel from across city government will
respondalong with norcity agencies with a role to pla@nce the incident is stabilizedfycgovernment
will partner withcommunity-basedorganizations to begin community recoveRigure 1shows the
division of the different levels of responskhe bcus of this analysis @ incidents that cause an EOC
activation.

Hazards are ranked by tlieequency and magnitudef a Most Likely Scenario andCaedible Worst
CaseScenariaas shown below. These scenarax the ranking methodology aexplained in detail in
the next chapter, Hazard Ranking and Methodology

Figurel. Incident Frequency vs Magnitude

Most Likely Scenario

Frequency

Credible WorstCase
Scenario

Magnitude 'l !

The analysis groups threats into 19 specific hazards that can trigger disasters. It defines the hazards,
specific physical and social vulnerabilities to them, examines their consequences, estimdtazaie
outlook over the next five yearsand provides key contextual information. Earthquakes are Sé€xible
hazard, but each hazard has the potential to cause a disaster of historic magitoaiy, actual

disasters rarelynvolve just one hazardor example, earthquakesmériggertsunamis, landslies,fires,
hazardous materials incidentsnd other secondary hazards.

Recovery from the worst of these incidents could take years. This potential was most recently seen with
COVIBEL9. Thousands of people in Seattle were directly affected by illness. Thousands more were
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Definingvulnerability

Hazard risks are not evenly distributed across theggtygraphically or dengraphically Someplaces,

for example the Duwamish Valley, coastal areas, and areas near steep slopes have higher physical
exposure Likewisesome peoplesuch aghose with lower incomes, renters, minorities, and the elderly
are more susceptible to harand therefore more vulnerable

Vulnerabilityexplains why hazard risks are restenly distributed It isdefined aghe susceptibilityto
harmandincludes two overlapping ideas)exposure to a hazarand2) sensitvity to harm once
exposedFor examplecoastal areas are more vulnerable to coast floodimyply because they are on
the coastand exposed tdigh tides, storm surgend other coastal hazardéppendix Adentifies
people, critical facilitiesand property exposed to hazards we can nidpw consider two coastal areas.
One is highlpopulated,and the other is undeveloped. The highly developeeh is more vulnerable
because more people are exposediazards. Finally, consider tvinighly populated coastal areds.

the first, residents live ielevated structuresnade ofconcrete In theother, residents live iflimsy
structuresclose to sea level. The second area is more vulnelzdtausats structuresare more
sensitive to damagedPlaces arenore vulnerable if they have mopeople and assets exposed. Finally,
vulnerablepeople things, and placescur moreharmwhen exposed to the sanpghysical eventMany
disaster scholars considell forms of vulnerability to roll up into social vulnerabilitgcause the same
factors that define social vulnerability also determine whpe®ple live and work.

Social Vulnerability

The concept of sociaulnerabilityextends thebasicideaof vulnerabilityby noting thatdifferent
demographic groupexperience different levels of harm during the same incid&uotial inequality
affects thosewho suffer the most during disasterbhe Center or Disease Control has developed a
model of social vulnerability that can be mapped. The result is includie i@Bommunity Profilén
Figure 9The factordound to influence social vulnerabilitgclude

Being below 150% poverty
Being unemployed

Being housing cost burdened
Having no high school diploma
Having no health insurance
Being age 65 or older

Being age 17 or younger

Having a disability

Living in a singtparent household
Lacking English proficiency
Being a racial minority

Living in a multunit structure
Living in a mobile home

Living in crowded housing units
Lacking access tovehicle
Livingin group quarters (e.g., dorms, prisons, shelters)

= =4 =4 =4 4 4 A -4 -8 —a a8 - -8 -8 g
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Thesefactors have @umulative effect. People in multiple categories are more vulnerable than people in
one categoryMany people falling into these categories lack sufficieneress todeal with a sudden
loss of residence or income. Othensyfacediscriminationduring disaster recovery.

Some of these factors makeeping oneself safe more difficultheyunderscore the need for the
community and local government gupport its most vulnerdle community membersThreecritical
areasare communications, setfare, andnobility.

Communicationslf someone lackthe ability to receive, understand, and act upon emergeratgted

messages and public informaticthey maymiss lifesaving informationRoughlyone in five Seattle

residents speak a language other than Engli$te City of Seattleequires departments to have

language access planscludes language acceissitsemergency plan§PDF)andhas builtpre-scripted

messaged AlertSeattle, its emergency alert systefee the City of Seattleanguage Access Program

for more information.Despite these efforts, providing quick, incidespecific information in albf the

/I AGe 2F {SFHGdGftSQa mp LINA2NAGe fFy3Adz-3Sa gAftt o6S |

SelfCare People whadave limited ability to take care of themselves without assistamitiface more
challenges itritical lifelines like power, water, @ommunications fajlespecially if they are socially
isolated.Seattle has one of the lowest household sizes in the United Statelsnany people live alone.
Developing neighbor to neighbor supp@mrogramsisa critical step to mitigating this social
vulnerability.Seattle Emergency Huissa volunteer groughat facilitatesthis work.

Mobility. Peoplewho have a mobility disability or lack access to a means of transport@iendangers
if they need to evacuate or access resourdasng disaster recoverjobility vulnerabilities are
mitigated in urban areas where resources alaser than rural areas and where public transport
systems are strongeNeighbahood and communitybased organizationare helpful for reducing
mobility vulnerabilities.

LocationaMulnerability

Locational vulnerability includesharacteristics of systentkat allow system failures to cascadehe
sociologisiCharles Perrow identifietlvo dimensions to systems thatake them more prone to failures:

complexity andight coupling between system componentsy’ t SNNR 6 Qa aO&SYIl | dzy A«
complex but loosely coupled system whereas a nugbearer plant is a complexightly coupled

system? It also includes physical factdise weaknesses in the built environment, lack of redundancies

in critical facilities, and proximity to hazardous areas. Because many of these vulnerabilities depend on

specific hazards, they are covered in the hazard chapters.

Complexity

Cities are complex systems comprised of many componkluw. these componentsiteract is not

always understoodNormally, failures are contained, but when a system is tigtulypled failures can

cascadeand causesystemfailure. Moreover, components in complex systems often interact in

unanticipated ways because their connections are poorly understood. For example, Seattle hospitals

had to curtail serviceuringa 2006windstorm andpower outagebecausea laundry service that

supplied them with clean linefest powedd ¢ KS STFFSOGa& 2F | LI26SNI 2dzit 38
cascaded througthe urban fabric tahe health care system.

TightCoupling

The faster the pace of change in a system, the faster failnm@sagate and problems escalate. Critical
infrastructure is becoming highly automated. While automation is leading to efficiency gains, it also
means that things can go wrong quickipr exampleduringHurricane Katrina, hospital patients
became critical within hours of power failuréhelengthening of supply chains aneductions in
inventoriesheld by many businesses is another examplegbit coupling.
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Concentration

Besides complexity and tight couplirige concentration ofpeople and assetsreates vulnerability

because morénarm can come from damage in a single locatiBeattle has the densest concentration

of people and resources between San Francisco and Vancouver, BC. Within Saatile assets like
K2aLIAGdGlrta YR tAFSEAYSa NB S@OSyYy Y2NB O2yOSy (NI GS
city center. Many lifelines (power, water, gas, fuel, sewer, and transportation) run through narrow

corridors, especially just south of the city. One unfortunately located incident could take out the greater

part of a critical resource.ddcentration is not solely a liabilitgense population centerike Seattle

have more resource® respondthan surroundingrural or suburban areas. tifiey survive intagtthese

resources become valuable assets during a response and recovery.

Econanic Conditions

& 'y | NB an@dpopubatind gr@s¥ri shrinis, the distribution of wealth changeshere

vulnerable populationare located Infrastructure gets bilt and then starts to decay;dzardous areas

I NB NBRSGSEt21LISR 2NJ ol yR2ySR® ¢KS&S OKIFy3asSa OFdza$s
sensitive spots to shift geographicallisastescan exaggerate OA (1 @ Qa I N®ciyinK 2 NJ RS Of .
recession cadecline quickly after a disaster, while growth in a booming city can accelerate if new

capital enters the city dimg reconstruction. The amount of aitle assistance is also a determinant

State of Knowledge

The ability to accurately predict the occurrence of a hazard has the potential to greatly reduce
vulnerability to it. It is the ability to act on a prediction, though, that reduces vulnerability. The state of
knowledge varies widely from hazard to hazarte ability to predict ranges from:

Deterministic.¢ KS KI T I NRQ& f,andtime dfdofErenyela wiidliadtik Bown
within narrow limits in advance. Pure deterministic examples of hazard prediction are rare.
ForecastSome of the features of an impending incident can be predicted, ushaslydon the
observation of a precursory signal. The prediction is based on probabilities. The precise
magnitude, timeand location might not be known but thereseme physial connection above
the level of chance between the observation of a precursor and the subsequent event.
Forecasting includes a precise probability statement. Volcanic eruptions and weather forecasts
fall into this category.
Time independentThis principle ssumes that hazards occur randomly within a block of time and
uses past hazard locations to constrain the future loergn hazard. An example is an
earthquake with an estimated 56¢ear recurrence rate. A future earthquake could happen at
any time in this500-year span. Locations are estimated based on known faults and past events.
Time/Location dependentThe hazard varies with time. Seasonality is a good example. Major
storms tend to occur in the late fall and winter. Seismic hazards are greater along known faults.

Communityesilience

Gommunityresilienceis the ability of a community taninimizethe consequencesf disruptive
incidents recover quickly, anddapt to an altered posincident environmentlt emphasizeshe role of
social networks within a communitfhesenetworks can be informdlased on personal connections
formed through friendships, community events, hobbies, and social gatheangsey can bdormal
networks in which organizations act asighborhood cornerstonesocial networks establish social
capital the trust and respect that grows slowly within a community over tiDeting emergencies,
these networks become anchor points fmwymmunity selthelp.
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Sociakapitalfallsinto three types: bondingbridging and linking The following descriptions are drawn
from the influential papeiSocial Capital and CommunResiliencéy Daniel P. Aldrich and Michelle A.
Meyer?>

Bonding social capitalxists betweerpeople who are emotionally close like friends and fantilis
usuallyshared by people whehare similar demographic traits. Bondsarial capital is especially
important in the immediate aftermath of a disastehen people depend on each other to share
information and resource® study of the 1995 Chicago heat wave found tbammunities with less
bonding social capital suffered more deaths tlihase with stronger bonding social capital.

Bridging social capitabnnectspeople across social groups such as class or Taie kind of social
capital is more likely to involve formal organizatidike nonprofits. Another examplés a friendship
between individua who are of different classes, but both belong to the sameigious community.
Bridgingsocial capitals important for longterm recovery in accessing outside resourgggomparative
study of two communities in New Orleans found thia community with strongebridging social
captal received more outside support after Hurricane KatriRaget Sound Resilience Hubs
community-driven program to build centers tevelop and focus bridging social capital in Western
Washington.

Linking social capit&ivolves connections acrosdividuals or groups with differemesources levels. It
allows people taccess institutions with more power or resourcésr example, i& nonprofit has a
relationship with elected officials, it has linking socipital.

Community resiliencanderscores theeed to involve the whole community emergency
management. Connections withireighborhoodspatrticipation in civic groupgnda healthy system of
communitybasedorganizations are essential fozducing harm from hazardEEMArecognizes the
importance of community resilienandincludes it ithe National Risk Indek uses a methodology
developed by Cutter, Ash, and Emrich that maps community resilience to the count$ kémglCounty
was determined to have Relatively High community resiliebedike social vulnerabilityyhich can be
mapped to the census tract level, community resilience cannot be magpattas smaller than the
county.

Summary of Document Updates

The previous revision tdis document wasompletedin 2019. This revision incorporates new research

for all 19 hazards, takes stock of recent events like CQ¥]Bocial unrest, and the extreme heatent

of 2021. The Community Profile was updated with new demographic, infrastructure, and planning

information. A new Wildfirand Smoke K I LJG SNJ 61 & | RRSR (2 SYLXKI&ATS Rl
watersheds and dams outside city limits and the smoke hazard in Seattle. The SHIVA follows the City of
Seattle Emergency Management Planning Policy and follows tredaiement and maintenance process

for external plans described therein.

How to Use ThIBocument

The SHIVA is for anyone who wants to decrease the threat disasters pose to the Seattle community.
Residents, employees, visitors, volunteers, government workers, academics, business owners, service
providers and infrastructure managers can all benefit from the SHIVA.

Hazard researchers have done tremendous work in the Seattle area. The SHIVA summarizes the best
available Seattk NS KFT I NR NBaSINOK FyR 02Yo0AySa AlG 6AGK
physical environment to show how hazards affect our city sétreffects have been evaluated with a set

of metrics and scored. The results are givefable 1 Use it as a starting place.
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Structure

Most of the SHIVA consistsdfapters on individual hazard§hese chapters are precedby a hazard
ranking community profileanda chapter on climate changeith a bibliography and endnotes at the
back.We assume that most readers argdrested in specific hazardBreaking out individual hazards
allows readers tgump into specific concerns without having to read the enti@ument.Despite the
emphasis on individual hazards, Wwepe readers will familiarize themselves with the more general
chapters Theyprovideimportant foundational knowledge about hazards, vulnerability, and resilience.

HazardRanking

This section is the dashboard. It condenkesgfindings into one matriandcontains supporting
material to explain the metrics the matrix uses and how the scores were derived. It also has a table that
shows how different hazards are related because most disasters involve multiple hazards.

Community Profile

Community characteristicshape what happens when hazamsnifest To understand hazard impacts,
one needs to understand the communifiheCommunity Profile outlineshow Seattles put together as

a physical and social spagéh an emphasis otraits that affect hazard impact$heCommunity Profile

subsectionsre:

=

Physical Geography

Population and Economy

Land Use

Transportation

Utilities

Media

Emergency Services

Healthcare and Human Services
History

=A =4 =4 -4 4 4 -8 -9

This is a datheavy chapter. A lot of this dathows that Seattle is still feeling the effects of CG1AD
includinghigh vacancy rates downtown, decreased transit ridership, and decreased enrollment in public
schoolsTable 4compares keyseattle demographics with  WNXB T &408ngs0 he Ubited States, 2
cities in Western Washingn (Bellevue and Tacoma), and King Couhnables readers tanderstand

how Seattle differs from similar sized cities in thé&. and with other communities in our region.

Climate Change

Thischapteroutlines how climate change affeatsir hazardsThis analysis does nteat climate

change as a stardlone hazardbut as a process thamanifestsas anintensifier of hazard<Climate

change is projected taffect air temperatures, sea level rise, precipitation, mountain snowpack, stream
flow, and air quality for the Puget Sound area. The hazards expectednosienfluenced by climate
change are landslides, disease outbreaks, infrastructure failures, power outdlgfise and smoke
extreme heat events, flooding, and water shortages.

Hazard ProfileChapters

Most of this document consists df9 chapters on individual hazardshey can be reashdependently
Each chapter has the same structumbowing the SHIVA to be used as a referel@mspite this division
boundaries between hazardse fuzzy Energencieften involve multiple hazard&€ach chapter is
summarized below.
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Appendix A: Exposure Analysis

The City of Seattle has identified areas of heiglaeposure foisixhazardsearthquakes, landslides,
volcanoestsunamis and seiches, floodingnd eplosive hazardous materialSor each of these hazards,
we have analyzegopulation,land use, structur@umber and typecritical facilitiessocial vulnerability
by census tractgnd wildlife areas in areagith heightened risk

Appendix B: Hazard Scenarios

This appendix details the scenarios used to score the haZHndse are two scenarios for each hazard, a
Most Likely Scenario andGredible WorstCase scenario. The purposedsievelop scenarios that are
representative ofwhat kinds of disasters a hazard could produce based on the best available research.
Any real event will differ from these scenaribsit the goal is to capture the scope and magnitude
generally

Bibliography

TheSHIVA rests oresearch To keep the SHIVA as concise as possihleh of the research was heavily
summarized. The sources in the bibliography provide papers, books, and websites that cover topics
much more fullythan the SHIVAIt offers a wealth of knowledge. Readers are encouragagséthe
sources to broaden theirnderstanding.

Endnotes

The SHIVA uses endnotes to make the text flow more smoothly, but the Office of Emergency
Management hopes that readers will use the endnotes to understand what sources were used and to
then consult these works themselves. They areasyway to approach the bibliography.

HazardChapter Format

Each of the hazardpecific chapters follows the same format. The common format enables the same
key aspects of each hazard to be considered and allows readers to compare the same sections across
hazards. This format causes some repetition but makes thé/Sehsier to use as a reference

document.

Each chapter begins with a general section that explains why the hazard is a cause for concern. It
provides enough fundamental science, research, and terminology to enable readers to understand
subsequent sections without having to consult additional matekVhen relevant, it outlines disasters
from outside the Northwest to illustrate why a hazard has been identified as being a risk to Seattle.
These examples are especially important for newer hazards that do not have a long history in the
Northwest.

Key Points

This section consists of bullet points that summarize the most important points about the hazard for a
quick overview.

History

¢tKA&d aSOilAz2y RSOGFAfTA GKS KITFNRQa LINBaSyOS Ay {SI
severe consequences. Occasionally, events from the Puget Sound region outside Seattle are included

when they illustrate similar dangers here or hawedt consequences here. Some events, especially the

2f RSal 2ySasz 200d2NNBR ¢gKSYy OANDdzyadlyoSa ¢SNBE GOSN
deadliest disasters are transportation accidents, but safety standards dramatically improved since these
accidents and have dramatically reduced accident frequembgy arencluded for completeness and

perspective
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Vulnerability

These sections applulnerability concepts to specific hazartfilnerability is a property of people,

social systems, structurgsr locations that make them suffer more harm than others for hazards of the

same magnitude. For instance, wood structures and more likely to burn that brick structures when

exposed to fire. Social vulnerabyijtthe likelihood of some peopkufferingmore harm when exposed

to hazards of the same magnitude, is an equity isElEMA defines equity asthell KS O2y aAirada Sy
sysematic fair, just, and impartial treatment of all individuals, including individuals who belong to
underserved communities of color, persons who belong to communities that may face discrimination

based on sex, sexual orientation, and gender identity (thoymembers of the LGBTQ+ community);

persons with disabilities, persons who may face discrimination based on their religion, national origin

and persons with Limited English Proficiency, and persons who live in rural areas that have been
systematicaly 8y A SR | Fdzf f 2 LI NI dzyAde G2 LINIGAOALIGS Ay
Some social groups adisproportionately harmed by hazards and threats. Their vulnerability to
disproportionate harm by hazards and threats is rooted in the social inequities that these communities
endure. Examples of these social inequities include but are not limited wnmaableism, sexism, and

nativism.

Consequences

This section ties the previous sections together to draw out the likely outcomes if the hazard were to
manifest. Because consequences vary with hazard magnitude and because smaller imcidpats

more oftend Kl 'y £ I NAHSNJ 2y $Mst[GAK]SS t{ & &L +H\WOREEIANIRFOBO/T NRA 2 G 2
AffdzaGNI GS KFETFNR 0O02yaSljdSyO0Sad ¢KS dazad [A]1Sfteté
YFEIyAGdzRS 2F LI &ad 200dzNNByGCsaaOSYRNARS Aé@/ R BA GKS i
biggest incident that has a reasonable cbamf occurring.

Outlook

This section assessesthechahce K T I NR gAff OFdzaS || RA&lFaGSNI Ay {S

publication.It does not make predictions, because no disaster can be predicted, especially years ahead
of time, but science and engineering have improved our ability to make good bets. If experts feel
confident enough to give a numeric probability it is includechim $ection, but often it is not possible to

do so.For climate related hazards, it is important to Ideyond thefive-yearlife span @ this document

for generaltrends. Longer time frames are included where relevant.

Conclusion

The conclusiois a brief summation of the major points of the text in a paragraph or two to help the
reader remember the hazard.

HazardChapters

The bulk of this document consistsatfapters detailing specific hazardsis sectiorprovides brief
summaries of each hazard

Earthquakes

9F NI KIjdzi { Sa I tNateqirghaznid NS 6ifier h¥zard lias the combination of likelihood

and potential destructivenes3he major consequences are building collapse, lateral spread (where the
ground permanently shifts under buildings), landslides, fires, liquefaction (where the ground turns liquid
under buildings)and potentially a tsunami. Casualties could exceed 1,000 people and economic damage
could easily run into billions of dollars. Seattle has been preparing for earthquakes for masipyear
enhancing building standards, retrofitting infrastructure and facilities, and educating the public.
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Seattle is at riskrom three kinds okarthquakes Eactone has different consequence® understanding
them is important. The first ardeep earthquakes like those thatruckin 1949, 1965 and 200They

have been some of the worst disasters Seattlefaasd butare the least dangerous of thilaree kinds

of earthquakesThe second arshallow earthquakesThey happen when surface faults running through
the Puget Souncdegion rupture. The most dangerous for Seattle is the Seattle Fault which runs through
the middle of Seattlelt ruptured during the winter 0©923-4 AD causing enagnitude 75 to 7.8

earthquake, massive landslidesd a tsunamiThere is a lot of uncertainty about how often this fault
ruptures. The SoutkVhidbeylslandFault runs close to North Seattd is the second biggest shallow
earthquake risk for Seattl@he third kind okarthquake is a subduction zone earthquake. A massive
fault system runs offhe North American coast from Vancouver Island to Northern Califolfrtize
SYGANB Fldzf & NHzZLII dzZNBR A (G ¢ 2 dzf R dbdwdeiddSlevasiatsthe ¥ G K S
Pacific NorthwestEarthquakes of this size are estimated to happeary300 to 800 years. The last
earthquake on this fault happened I700.For Seattlea powerful Seattle Fault earthquakeould

probably be worse than a Cascadia Subduction Zone earthdngadarise it would happen in the middle

of the city. For the region, the €aadia Subduction Zone would be the worst scenario

Landslides

Landslides are a common Seattle hazaspecially when ground water is saturated in the winter.
Landslides can always be deadly but more commonly they destroy buildings, block roads, and sever
lifelines. The greatest risk is when a storm or earthquake triggers a swarm of landslides thraihghout

city within several days. The biggest swarm was in 1997 when 300 landslides happened in less than four
weeks.Landslides can also be triggereglearthquakes. /ASeattle Fault earthquake could cause massive
landslides. The last one iR2®AD caused whole forested hillsides to slide into Lake Washington. The City
of Seattle addresses its landslide hazard by mapping its landslide prone areas and through its building
codes. The U.S. Geological Survey (USGS) has cregtegeto show when Seattle has a heightened

risk of landsidesand Seattle Public Utilitieseates weekly landslide forecasts during the winter.

Tsunamis and Seiches

Tsunamis and seiches are two water wave hazdrsisnamisire caused when water is rapidly

displaced most often by an earthquake or landslidearge tsunamis are some of the masistructive

natural hazardsHugevolumes of water can move quickly onshamed push far inlandlT'sunamis are a

rare but potentially catastrophic hazard in Seattle. The most dangerous tsunamis are generated locally.
A Seattle Fault earthquake presents the greatest potential for a tsunami in Seattle. A large landslide
could also tigger a tsunamiwhich happenedh the Tacoma Narrows in 1948 .Cascadia Subduction

Zone earthquakevould generate a tsunami that would endandggeattle butwould likely not be as

harmful as onereated by the Seattle FauRlanning for locally generated tsunamis is challenging
because wavesould arriveminutes after a precipitating evenin 2025, he City of Seattleegan

tsunami planning and public education

A seiche is a standing wave produced by the sloshing of an enclosed water body like a lake, bay,
reservoir, or river. The cause can be either earthquake shaking or storms. They are rare occurrences in
this area. An 1891 earthquake produced an eifgluit seiche on Lake Washington and the 1964 Alaskan
guake generated seiche that damaged property on Lake Uni@Q08 another seiche occurred in Lake
Union due to an earthquake in Alasi&eiches do not movas faronshoreastsunamismaking them

primarily threats to shipping and overwater structures.

Volcanoes

With fivevolcanoes in the state and more in surrounding states and Canaltanic hazards are a
highly visible hazard for Seattl€he biggestolcano threatto Seattleis debrisfrom Mt. Rainernwashing
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down the Duwamish River into Elli@ay following anassive debris flow callediahar. Laharsarea
mixture of water andock fragments that flow dowthe slopes of a volcarlike rivers of concreted
lahar would likelystop south of Seattle, budebriscould form a dam posing a flood risk and debris will
washdown the Duwamish River fanonths or even years after the evemnpedinguse of the river and
threatening properties along its bankBhiscouldaffecttransportation routes andnfrastructure lines
such asvater, natural gas, andower running intoSeattle.

Severe ashfall is unlikely in Seatil& would cause majotransportation and health impacts if it

occurred SeattleQda LINB @I At Ay3 gAyRa o6f2¢ FNBY gSad G2 Sk ai
Seattle, but it is possible that rare easterly winds could occur during an eruption producing ashfall in

Seattle.

Volcanic emergencies will probahigpact neighboring communitiemore thanSeattle Wewill need to
support more heavily impacted neighbors, cope with transportation closares help displaced people
after an eruption or lahar.

Biological Hazards

This chapter includedisease outbreakdike the COVIBEL9 pandemicandbioterrorism.Biological
hazards have the potentideadliest hazards Seattle experienc&slisease that killed at the rate of the
1918 pandemidlu would causenany moredeaths in King Countihan COVIEL9. New and highly
infectious diseaselike irfluenza and corona virusese the most likely riskBecause human beings lack
immunity to new diseasesjon-pharmaceutical interventionbke social distancingchool and business
closures, and masking are necessary to slow disgag@aduntil vaccines and effective treatments can
be developedThesenterventionssave life and slow disease sprdaat havesocial costand can
becomepoliticized

Bioterrorism is the use of a biological agent as a weapon to cause fear, illness, or death. In 2001

packages containing anthraxdaadly bacteriumwere mailed to multiple locations in tHeasternJ.S

The emergenc dzA SR  &ALA 1S Ay NBLRNISR WgKAGS LRSGRSNID A
Fire Department resourceBioterrorism has the potential to be very deattlgcause it involves the use

of biological agents that have been creatgakecifically to harm human beingehankfully, the number

of bioterrorism incidents is very small.

Public Healtht Seattle & King CounfPHSKG3 the lead agencfor biological hazards in King Counity
directsresponse to public health emergencieghe City of Seattle supports PHSK@ mitigates the
effects ofnon-pharmaceutical interventions

Social Unrest

Social unrest includes riots, civil disorders, strikes, and mass civil disobedibagearcause deaths,
injuries,and property destructionUnlike other hazards which usually bring the community together,
social unrespulls it apart and jeopardizes lostigrm recovery.The2020rioting in Minneapok saw 164
arsons, over 1500 propeesdamagel, and over $500 million in damage€his incidenand the1992LA
riots that killed more than 50 people are exampleshesf worst-casesocial unrestThe largest recent
social unrest in Seattle was thi®99 WTO protedhat resulted in numerous injurieend community
disruption.

Seattle is the central stage for political and social activity in the Puget Sound region and the hub of its
socialand politicalactivities.Demonstrations, rallies, and marches are frequéigarly all of thenoccur
with peopleexpressing themselves freedynd peacefully. Occasionallgeople engage in acts of civil
disobediencdike occupying intersections or the freewahese acts are not lawful aman be

dangerous to the public and to those committing theBtocking traffic increases the chances of
accidents and impedesmergency vehicles. On other occasionslent individualsnfiltrate peaceful
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crowdsto attack property and law enforcemensince the WTO protests, May D@gs been an occasion
for these kinds oéctivities withhundreds to thousands of peopparticipating. As theountry has
become more politically polarizethore confrontations between faleft and farright groups have
happened with law enforcement caught between thehinese confrontations have the potential to
becomeparticularlydangerousas temperdlare and firearms become more common.

Strikesare included here as organizemiass actiond\Nearly allare legal protected, activities whose
impacts are limited to thearties involvedand do not involve emergency manageme®tame strikes,
like teachers strikesire legal, but havevidespreadimpacts whose effects need tme mitigatedby
leveraging the City of Seattle emergency management sy&iestand up dropin childcare during
strikes. Mostpublic sector strikes are not permitted by contract amduld be unlawful, but that does
not mean they are not possiblelhey have affected trasit, sanitation, powermail, and pubit safety.In
2024, 50,000 Washington State workeralked off the jolfor one dayln 1975, Seattle City Light
electricianswvent onstrike for 98 days.

Terrorism and Targeted Mass Violence

The United States has experienced devastating terrorist atf@odlsiding the 9/11 attacks and the
Oklahoma City bombin@hese attacks were politicdt.has also experienced many npolitical acts of
violence like thel999 Columbine shooting. Recentipwever, the personal and politicdlave often
merged making the distinction betweeterrorism and norpolitical violence blurryAs susceptible
individuals seffadicalize on the Interneprivate and political grievance&®mbine Ideologies are
becomirg lessclear with actors sometimes combiniidgas usually considered feeft and farright. The
Internet allows hateful content tspread worldwide making thdistinction between domestic and
internation terrorism another blurry boundary.

Most attacks are now committed by individuals. They are harder to detect. Despite being lone actors,
these attacks can be extremely deadly2011, a lone terrorist killed 77 people in Norway anddt9 a
shooter in New Zealarkilled 51 peopleFirearms are commonly used, but recently vehicle attacks ha
been used more frequently.

Guarding against lone actor attadkschallengingMany people make threats onlingithout committing

acts of violence. Identifying which threats am¥isus is nearly impossible. Individsatho are planning

violence often do not post their intentions online. Becaasicks are planned outside organized

groups, law enforcemedracks tools used in the past like inside informa#itdding to the challenge &n

expanded choice of targetS.dzZNA y 3 (G KS wmMdpy n Q& | ydgovemmapehtrb@ldingsior NES G a ¢
officials.As theseplacesbecame hardened in response, attackshiftedto open, soft targets

The Seattle Police Department works with thashington State Fusion Centerpromote
counterterrorism.Iln 2025, the Seattledbice Departmentaunched thdmmediate Violent Crime
Prevention & Enforcement Platt is targeted at akinds of violence, buts emphasis on heightel
patrols andgun trafficking will benefiefforts to decrease targeted mass violence and terrorism.

Cyberncidentsand Disruption

Seattle is highly dependent on digital systems and the internet. Disruptions to cyber infrastructure can
include internet outages, release or deletion of sensitive data and information, compromised

infrastructure or services, or physical destruction. Rigslystems can face intentional attacks from small

scale hackers to sophisticated natietate actors. Cyber disruption can also occur from human errors or
FNRBY FYy20KSNI KFETIFNR 0So3d SIENIKIldzq {1 S0 { Patdi G f SQ&
Acquisition (SCADA) Systems to run and maintain basic fundilamng. critical systems are physically

separated from thénternet, making them much harder to hadk some of the more serious cases,
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attackers targesupport systems like billing systems because these systems are connected to the
Internet. Bringing these systems down can make critical systems difficult to operate in practice.

The likelihood of attack and disruption is increasing as more products and services connect to the
internet. TheSeattle Public Library experienced a significant cyber ransom event in the summer of 2024,
severely impacting thenegularly offeredservices for nearly four month$heworst-casescenario is a
sophisticated and coordinated attack on multiple critical lifelines like power, transportation,
communicationsutilities, and healthcardf such an attack were successituivould endanger lives,

reduce economic activityand degrade quality of life. The Ukraine War shows that it is possible to

defend ajainstserious cyberattackdJkraine experienakcyberattackswith some serious consequences
such agaking down cell phone networks, but it has not suffered collapstsafritical services.

Transportation Incidents

This chapter covers accidents involvirgdicleson the land, air, and se#n theearly part of the 2t

century, accidentswere common and occasionally killed dozens of people in individual incidents.

Improved safety standards and better engineerimgatly reduced the risks, bugpple in transit are

inherently vulnerableln 2015, 6 people died and many more were injured wh&hRdzO1 Q (2 dzNR & (i
collided with a busn the State Routé9 bridge.

With a confluence of transportation systems, Seattle is exposeidrtoaft, maritime, rail, and roadway
accidents The most vulnerable areas are neansportation hubs like King County International
Airport, the Port of Seattlaailyards, and ferry terminaas well aslong transportation corridorsuch
asl-5, bridges, tunnelstail lines, flight corridors, and shipping lan&sansportation accidents are single
site incidents but can have impadts beyond their immediate location especially if thdgmage critical
infrastructureor release hazardous materials. THewe the potential to cause high casualti€ke
worst-case transportation accident would involvéaage vehicle like a passenger aircraftange
maritime vessel like a ferry or cruise ship amiical infrastructure like a bridge or tunndlhecollapse

of the Francis Scott Key Bridge in Baltimore illustrates the-termg impactof a transportation accident.
Thecollapsecausedsix deaths, shut down | G A Y 2 NB Q &cost Blliondita redlageR ¢ A f €

StructureFires

This chaptecovers fires involvinguildings and marine vesselehicle fires are covered in
Transportation Accidents. Wildfires are covered in their own chapieedevelopment of modern fire
codes andhe improvement of firefightindnave dramatically reducetthe number offires, but recent
datashowareversal of the trend. Some ofidreversal may be due to COWBuntermeasures that
caused people to spend more time in their residen@sspite the decreasia the number of fires, the
number of deatls is increasing.7% of all fire deaths are due to structure fifeBhe 2003Station
nightclub firein Rhode Islandilled 100 people This incidenthighlights thecontinuing dangerposed by
structure fires especially in crowded spacespite overall improvements in fire protection.

Some of the worstase firecould involve fires imighrise buildings, hotels, entertainment venyes
ships, andndustrial sitesThese structuresequire complex responses witigh numbers of lives at risk
Some involvelangerdike hazardous materialséidents Beginning in 2021, Seattle saw an increase in
the number of vacant building fire$hey endanger firefighters amgkighboring structuredn 2024 the
City of Seattle passed legislationrt@ake the remediation and demolition of dangerous vadauitdings
easier.

Hazardous Material Incidents

Industrialmanufacturing, food processingransportation routes, biological search, and medical
radiology expose Seattle to hazardous materidlsese dangemnclude chronic environmental risks and
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acutereleasesChronic environmental risks incluflaur EPA Superfund sitedong the Duwamish
Waterway and Elliott Bay:hey contain contaminated sediments thatuld be reanimated and
transported byhazards like flooding, landslides, aparthquakesAcutereleases include respiratory
hazards likemmonia used in food processing and cold storaige explosive hazardeom natural gas
and crude oil{ S| {deritr& Seationdowntown, First Hill, an€apitol Hill have the most hazardous
materials incidents flowed by the University District.

Beginning in 2013arge amounts of crude oil began to be transported through Seattle bytrisilthe

sametype that exploded irfQuebedilling 47 peopleThese trains travel through densely population
areasofthecith y Of dzZRAYy 3 { SI (Gt SQa Séaftle is @cerdeBf&r bidtecd d2 NIia ad | |
regional medical center. These industreegose Seattle to biological anadiological hazard$n 2019

Cesiuml37 from a medical device leaked at Harborvig&Wecleanuptook years to completeAn ol

train explosioris one of the worstase hazardous materials incidents for Seattle, espedialhe were

to happenin the dense, central section of the city.

Built Environment Failures

This chapter includes collapse or failurestsfictures likebuildings, dams, andridges as well as
infrastructure systemsThe2021 Surfsideondocollapse which killed 98 peopldocusedattention
nationally on building collaps&imilarly, 2024 Francis Scott Key Bridge collhjugdighted the
vulnerability of critical infrastructurand its widespread econom@ffects. Locally, Seattle has
experiencedsignificantfailuresincluding a tower crane collapse, a wastewater treatment plant failure,
andthe need to clos the West Seattle bridge to avoidpatential collapse.

One of the mospotentially serious kinds of failures are dénmeaches. When they occur, they can

rapidly release large volumes of water that paséreme riskior downstream communities. Seattle has
sixstructures considered high hazard dafthe BitterLake, Rooseveltand Volunteer Park reservoirs,

the SW Genesee St Detentionmdahe High Point Stormwater Dam, and the Ballard LoElegpite the
LINEASyOS 2F (GKSaS aiuNHzOGdz2NBa Ay (GKS ditaingad { S GGt S
Howard Hanson Dams. In the worstse scenario of a breacbccurring wherhe pool behind the dam

isat maximum height, large parts of the Duwamish Vatieyld be flooded. Besides these direct risks to
Seattle, the City of Seattle owns dainghe Cascadesn the Skagit, Tolt,éhd Oreille, and Cedar Rivers
Communities along these rivers are exposed to hazards from these dams. Seattle Public Utilities and
Seattle City Light work directly with tlerisdictions where these dams are located to mitigate rigke
City of Seattle has active programs to monitor and inspect is dams. Information about them can be
found in theNational Inventory of Dams

Seattle is a city surrounded and divided by water. Bridge©axah G A OF £ G2 {SFaGdf SQa 0N
constitute anothelinfrastructure hazard exposur&@he West Seattle bridge has been closed twice due

to structural problemsThe old 190 bridge sank in 1990 heinterruptions these incidents caused

highlightil K S depeiider@éon bridges

Power Outages

Power outages are a type btilt environmentfailure but are treated as a separate hazard their

consequencelave aunique profile compared to other built environment failuréhe 2003 Northeast

Blackout highlighted the fragility of the U.S. power system. Seattle experieng&ibspreadweeklong

power outage from a winter storm in December 2006. Sihet outage, Seattle City Light (SCL) has

acquired a power management system that allows it to isolate outages and respond faster. It has also
AYLNRGSR FTANB adzLJLINBaaAz2y Ay Alda dzyRSNEANRdzyR St SO
the undergoundsys6 Y OF dza SR SEGSYRSR 2dzil 38a Ay YI 22 NJ LI NIi:
power is purchased from the Bonneville Power Administration (BPA), making the city vulnerable to
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disruptions in other areas of the Northwe€ther events that may cause power outages include
wildfire events in the Cascades near @ityneddams and transmission lineard terrorist attacks
targeting power infrastructure.

Demand for electricity in the region is growing faster tipmaviouslyexpected comingfrom the
adoption of electric vehicles, population growthgta centersand the shift towards electrifying
buildings for heating and cooling. In additiolin@te change is projected to decrease hydropower
generation in the summer by micentury. This increased demand will require adding wind, solar,
geothermal, and battery storage in the coming years to meet energy neeal#id operating with less
reserve capacity.

ExtremeHeat

Extremeheat eventEHE) are some of the deadliest disaste®gattle can faceMore than400 excess

deaths were reported in Washington State during the 2021 Heat Dome éBechuse Seattle has a
generally mild climate, most people are not acclimatized when EHEs do occur. The temperature itself is
just one factor driving the consequences of EHEs. The other important factors are the season, difference
between the preevent andevent temperatures, the event durationjghttime cooling, wind and

humidity. Meteorologists can accuratdfigrecast the development of an EHE and the severity of its
associated conditions with several days of lead tifitee National Weather Service (NWS) has

developed a Heat Health Watch/Warning System that tadottsemeheat guidance to specific regions

in the country EHESs are projected to become more intense in the future due to climate ch@hge

most vulnerable peoplen EHES arpeople with diabetesthe elderly, infantspeople experiencing
homelessnessand people who are socially isolated.

Flooding

Seattle is susceptible weveralflood types coastal flooding (including king tides), riverine, urban, and
compound floodingA major cause of Pacific Northwest flangd is the class of storms called

atmospheric riversvhich happerwhen the Jet Stream brings moist air from the tropics into the
Northwest. They can cause extended periods of heavy rain that can cause riverine and urban flooding.
Recent weather patterns have produced very high intensity rain cells, sometimes over narrow
geographic storntracks? These storms release larger amounts of rain, in short periods of time, which
the drainage systems cannot always handle adequately.

9 /2FLadrt Ft22RAYy3 KIFLIWISYya RdzZNAy3I aidz2N¥xa | yR
two coincide, the consequences are more severe. Sea level rise will make coastal flooding
worse.

T WAGSNARAYS Ff22RAY3I KI LILISahdalowghe DiwamishRizey’ 3 { S+ GGt S

T ' NBDly Ft22RAYy3 200dz2NB ¢6KSYy KSIF@eé NIAYy 20SNBKST
systems were designed and originally built for longer duration and lower intensity rainstorms.

Thecity has developed mitigation measures like detention ponds to decrease the consequences
of urban flooding but it remains a risk.

1 Compound floodingnappens when two or moréooding sources occur simultaneously or within
ashortperiodoftime{ SI G it $Q& {2dziK tI N] ySAIKo2NK22R SEL
floodingin December of 2022 from a lepressure event coinciding with King Tideausing the
Duwamish River to overtophile the drainage system backed up causing urban flooding.

(V)
Q¢
—

Some parts of the city are also vulnerable to flooding from dam failure from dams outside of city limits.
The greatest riskarethe Howard Hansoand Mud MountairDarns, which dischargeto the Green
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River and the Duwamishowever the likelihood of floodingn LowerDuwamishValleydue to a dam
failure is low.

Severe Winter Weather

{SFHGOfSQa GAYGSNI 6SIFGKSNI Aa 3ISYSNItte YAfRD 2KSy
The consequences are especially severe if the dimgers for more than several days or triggers
secondary hazardsuch agpower outages. Seattle has heightened vulnerability to snow and ice storms
because of its hilly topograph¥hecity prioritizesclearingmajor roads Due to the logistical challenges

2T { SI i fo& @idthsyhimsdyBréesand parkingeing allowed on both sides ofost strees,

Seattle does noplow residential streetdf snow is deep enough ambrsists fomore than several days

on residential streets, people maace a situation where arterials aokear butlack the ability taeach

them in their vehiclesAfter a 2008nowstorm Seattle began treating roads when salt and deicer more
aggressively which has improvaderial accessibility during snow evenicessive colfilirthermore
exacerbates risks to human health and safety when electric heating sources are inoperabig.the
2008snawstorm, several people died in King County due to carbon monoxide poisoning when they used
charcoal grills indoors to heat their homes.

Water Shortages

Seattle can experience water shortages during the summers that follow winters with low snowpack,
0SOIFdzaS ySINIie Fft 2F {SrddtSQa 4 GSNI O02YSa FNRY
supply from melting snow. Snowpack is projected to declirfatire years due to climate change. The

main shortage impacts are reduced stream flows for salmon, usage restrictions, and economic hardship

for businesses that require large amounts of water. 162 Geattle Public Utilities (SPU) updated and
adoptedthe 2019 Water System Plamd an accompanying Water Shortage ContingencytBlan

respond to and mitigate water supply problerifs.

Seattle City Light (SCL) faces challenges during water shortages because most power in the Northwest is
generated by hydroelectric dams. During water shortages not as much water is available to turn
generators to make electricity. To meet demaf€CL must buy more expensive power from outside the
region.In addition toclimaterelated vulnerabilitieswater shortages can be caused by main breaks.

These shortages due to infrastructure failures are usually localized and short but could be longer if they
are caused by another hazard like an earthquake.

Wildfire and Smoke

Wildfires are a natural part of ecosystems here in the Pacific Northwest, but climate change is altering
seasonal fire trends. Fire season is predicted to increase in duration and fire activity is anticipated to

increase in severity as the century progessThis is due to changes in temperature, precipitation

patterns, and snowpack, as well as other ecosystem changes such as invasive species and historic burn
practices. While Seattliéself only hasverylimited direct wildfire risk, th&Seattle City Lighand Seattle

Public Utilitiesown many assets in the Cascade Mountain that are susceptible to wittifiteare critical

in providing our power and watersupply Y+ 22 NJ FANB Ay 2yS 2F {SIGdf SQa
andlonglastingS T ¥SOGa 2y {SFGdGtSQa RNAY1AYy3 g (SN adzLILI & c
One of the largestisks wildfire poses to Seattleites is the smoke it produces, which can @adse

exacerbatea variety of health issues. Smoke is particularly dangerous for youth, the elderly, those with
preexisting health conditions, those who work outdoors, and people experiencing homelessness.
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Wind

Windstorms with wind speeds equaling those of category one hurricanes can strike Seattle. Sustained
windsof69Y A f Sa LISNJ K2dzNJ 6 SNBE NBO2NRSR Ay GKS {SrdaatsS
was the 19@ Columbus Day Storm. Windstormausepower outages, structural damage,

transportation blockages, and coastal flooding. Fall and wiatethe most commorseasongor

windstorms, but occasional outf-season storms can be dangeraswell Falling trees account for

most damagend pose large safetrisks for people and infrastructurg/indstorms often accompany

other weather hazardsuch adandslides, urban flooding, snow and extreme cadl can produce

complex emergencies { SI Gif SQa ySg o0dzAf RAy3d O2RS NBljdzANBa y!
The City of Seattle has programs for vegetation management that serve to mitigate damage to electrical

systems during windstorms. This tree trimming program intensified &fte2006 storm that caused
lengthy power outages.
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HAZARDRANKING

Thischapterprovides a ranking of all 19 hazaidsluded in this document along with an explanation for
how wearrived atthe ranking. liexpands on thedefinition of a hazardyiven in the Intoduction, how

we identified potential hazards, how wehose whiclof themto include andfinally how they compare

to each otherThe City of Seattle has limitedsourcedo mitigate, plan, and prepare for therithe City

of Seattlerankshazards tqorioritize whereit will expend effort and resource3 he rankings are not a
precise prediction of hazarfilequencyor severity.Theranking is a simplification of highly complex
phenomenalt represents our best evaluation of tlowerall threat posed, but Bpw ranking does not
mean that the hazaris not dangerous. Any of the hazatdsntified could cause a horrible disaster.

Hazard ldentification Methodology

This analysis usesultiple criteriato identify hazards based on best practicéaiokeytouchstonesare
the FEEMAComprehensive Preparedness Guide (CPGagfihe Emergency Management
Accreditation Program (EMAP) standard.4.1

TheCity of Seattle Emergency Management StrategicPia® S / A2 Qad SYSNHSyOe YI yl
Ada AYGSYRSR (2 AYLINR@GS GKS /AGeqQa loAfAde (2 LINBO
natural and humarcausedR A & | aDisAdikEs aré defined in tHatroduction.We used these

definitions as a lens to scope what to include in this analitdisd us to look for phenoenon that

threaten public safety, property and the environment, require immediate action and cannot be

managed through aly-to-day programs.

Using these definition<CPG 201, and the EMAP standakde employed the following techniques to
identify specific hazards
1 Reviewing media archivamainly old newspaperdor hazards occurring in Seattle
1 Reviewing plans and reports written by the City of Seattle and key stakeholders
9 Conducting a literature review focusing on local environmental and social issues and the built
environment
1 Consulting with subject matter experts (e.g., seismologists, eybeurity specialists)
Meeting with emergency management partners and community stakeholders
1 Researching emergencies or disasters from other areas that have not occurred locally but have a
credible chance of doing so

=

In the end we found over 8@escriptors fothazardsn our researchSome weresynonyms like
Wemblortand Warthquak€&Somewere special cases ofggeneral hazard such asblizzard (snow and
wind) being a type of snowstormthers were related hazards like active shodteidents, bombings,
and terrorism.choosel9 hazards thapushed us to develop the broadest set of capabilities that will be
useful no matter what Seattle experiences.

Climatechangeis treated as d&@road phenomenon that affects hazards rather thaseparate, distinct
hazard.It has its own chapter wheris effectsare examined.

Ranking Model Structure

Each hazard has been evaluated using its Most Likely and Maximum Credible scenarios. Both scenarios

are evaluated using twelve parameters developed from EMAP and FEMA standards. Ten of these twelve

LI N} YSGSNE FNB dol asS LI Ndowntuith B, healiheffedts. FaghnilBhedet & | F
ten base parameters was assigned a score from one through five. The ten base parameters were

F SN} 3SR F2NJ I a.1asS {O2NB¢ F2NJI SFOK 2F (KS Gg2 a
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parameters were also assigned a score of one through five. The two scores were added to get a

G/ 2YO0OAYSR adzt (GALX ASNWDE
¢CKS da.asS {O02NB¢ ¢l a GK
a02NBa F2NI GKS Gg2 aoSy
hazard score. The equation is written below.
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Scenario Score = Average (Base Parameters) * Sum (Multipliers)
Hazard Score = (Most Likely Score) + (Credible \Wasst Score) + Future Emphasis

Draft scores were assigned by Office of Emergency Managemenasthfie Office of Emergency
al y I 3S Staedicviorking Group.

Comparing Hazards

Ranking and comparing hazards is a subjective but useful exercise to stimulate discussion and develop
priorities. Standard metrics are applied throughout and provide a basis for comparison. Each metric is
ranked from one to five with one being low and fiveing high A bigger number indicates bigger
consequences.

AllHazards Can Have Serious Consequences

For some people, a minor snowfall is an excuse to stay home from work and play, but for others, even a
FSs6 AYyOKSaA 2F ayz2g Oly 0SS f ATSlydféeciNtganday AyId 9ISy
population can have ripple effects. Understanding our hazards, our vulnerabilities and their

conseqguences is one of the components necessary to build a resilient community.

Hazard Ranking, Summary of Hazard Metrics, and RelatiBeshgsriHazards

Table 1shows the hazard rankinggable 2defines the SHIVA metrics. Many organizations are now

using categories given by the Emergency Management Accreditation Program standard 4.3.2. We have
cross reference our categories with EMAP. The corresponding EMAP category is fiaigle i#n the

first column. Finally, some hazards induce secondary, tertiary or more hazards as sfi@liei
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Tablel. Hazard Ranking

Most Likely Scenario Credible WorsCase Scenario
m
o s < © s g E
- 123 — i x
3 AP cB s |5 AW 2 Bls 2[5
| lalz| |cIEIS|E = CEHi* e |2 |glz] |=|E|S|g|= cig |+ |z & |z
c = ~ = c = ~ =
£l IBIE|L|212lElg |8l |zl 12 B I2IElLlelEElz|Ele plelE 2 |2 I
FIs|Y |8 |E|E 28|25 |8 S |© |2 TIs Y| |E |c 28|28 |8 S |t |2 = w e
S8 |lc|g8|lc|c|u|2|g | |@ 218 |5 |% S8 |lc|8|c|c|u|2|w | |® 2 lg |5 % o |8
o= |= |8 o 7)) = =] =3 olE |= |8 Py ) = =] Q =
c |5 S |E |= |S |8 [E (@ T |9 = |2 © |3 S |E |= [c |8 [E (@ T |9 = |2 IS
g15(8|28|2|5(E(E(5|8 (S|12|12 |8 [S|5(8(2|8(2|2|8[E|618 |88 1218 |2 |8
O 0 |T [0 W w|m |- |O [O |]m I |O [= |m O 0 [T (0 W |uw |m |- [0 |0 |m L O |= [m r O
Earthquakes 5(2|2|2|2|2|3|2|2|1|23|4|4|8| 184 5|5|5|5|5|5|5|5|5|5|50|1|5|6]| 300]| 3 |514
\Wind 5|12|2|2|2]|2 2121 22 38| 176 |5|2|2|3|3]|2 3|4 3.0 |33 18.0 | 3 | 38.6
Power Outages 5/2|2|2|2|2]|2|3|2|1|23|5|2|7| 161 |5|4|2|4|3|1]|2|3|3|5|32|3|3|6| 192 | 3 | 383
Severe Winter Weather 5/4|2|2|2|1|2|2|2|1|23|5|2|7 | 161 |5|4|2|4|3|2|3|4|3|3|33|2|3|5]| 165 | 5 | 37.6
\Wildfire and Smoke 5(3|2|2|1|2|1|2|1|1| 20 |5]|1]|6 120 |5|5|2|4|4|5[1|1|4|3|34|3|3]|7]| 204 5 | 374
Infectious Disease and Biologica
Hazards 5/5|4|3|3|1|1|1|1|3|27|4|1|5| 135|5|5|5|5|4|1|1|3|3|3|35|3|2|5]| 175 ]| 5 | 36.0
Tsunamis and Seiches 312(2|3|3|2|3|2|3|1|22|3|2]|7 110 |42 (45|44 |3|4|3(3|36 |(2|4|5]| 216 3 | 356
Cyber Disruptions 5|14(1|2|2|1|1|2|1|3| 22 |(4|1]|6 110 |[5|4(2|5|4|3|1|(4|4|5|35(|1|4|5]| 185 5 | 345
Landslides 4132|121 |2|2|3|1|1]| 21 |5|1|6 126 |4]13(3|3(3|3|3[|4]|2(3|31|2|4|6]| 18.6 3 | 34.2
Flooding 4|3 |1|2|2|2|2|2|1|1|20|5|1|6| 120 |5[4|2|4|3|3|3|4|3|3|34|2|3|5]| 170 5 | 34.0
Extreme Heat 5(3|3|2|2|2|1|2|1|1|22]|4]|1]|5 110 |5|5|4|4|3|2|1(3|3|3|33|3|2]|5] 165 5 | 325
Transportation Incidents 2(1]|3(1|2|1]|2(3|1|1]| 17 |3|1]| 4 68 |3|/4|4|4|3|3|2|4|3|5|35|2|4|5]| 210| 3 | 308
Social Unrest 3|11|2|2(3|1(2|2|2|3|21|5|2|7 ]| 147 |5|3|3|5|3|1|3|2|2|5]|32|2|2|4]| 128 | 3 | 305
[Water Shortages 1|4|1]|2)|2|2|2|2|3|3|22|5|2|7|154|5|5|1|3|3(3|2|1|3|3|29|2|2]|4]| 116 | 3 | 300
Hazardous Materials Incidents |3 2|2 |3 |2 |3|1(2|2|3|23|4|1|5| 115 |3|4|4|4|3|2|1|4|2|3[30|2|3|5] 150/ 3 29.5
Structure Fires 112|3|3|2|2|2|2|2|3|22|4|1|5]| 110 |4|4|3|4|4|1|3|4|3|5|37 |1|3|4| 140 3 | 28.0
Built Environment Failures 212222113 |1|1| 17 |5|1]| 6 102 |5|14(3|3|4|3|4[(4]|3(3|36 (1|3 |4]| 144 3 27.6
\Volcano Hazards 35(1|4|3|2|3|2|3|1|27 |2|2|4]| 108 |5|5|3|4|3|2|4|5|1|1|34|1|3|4]| 136 | 3 | 27.4
Terrorism & Targeted Violence 112222221318 |5|2|7 | 126 |4|4|4|3|2|1|2|2|3 (3|27 |1|2]|3 8.4 5 | 26.0
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Metric Definitions

Consequence Categd

Definition

One

Two

Three

Four

Five

Frequency

How often has the hazard occurred in the pg

Unprecedented or
less than 1 in 2500
chance per year

1in2500to 1in
1000 chance per
lyear

1in 1000 to 1 in 100
chance per year

1in 100 to 1 in 50 chance
per year

Greater than 1 in 50
chance per year

recovery last?

GeographicScope Size of the affected area. Includes areas no|Single site. One or|Single Site MultipleCommunity (i.e., all of [Citywideor regional events |Regional.
damaged bustrongly affected by the incidenttwo blocks. blocks Downtown that affect only specific are
For example, areasacked upby a \within the region.
transportation accident.

Duration How long does response and init&dort-term |Less than 24 hours|1 -3 days 4 -7 days 7 - 30 days 30 + days

Health Effects, Death;
and Injuries [EMAP
Public]

How dangerous is the hazard to human heal
and safety?

No deaths or injurie|

1- 100 injuries

1- 10 deaths and/o

11-50 deaths and/or 103
500 injuries

51-500 deaths and/or 501
1500 injuries

1501o0verinjuries

Displacement and
Suffering [EMAP
Public]

How likely is the hazard to negatively impact
the exposed population in terms of
displacement, personal property loss and
increased indebtedness?

No displaced peopl
minor
inconveniences

1-100 displaced
people longterm.
Hundreds short

101 - 250 displaced long
term. Thousands short
term displaced.

251-1000 people displaced
longterm. Tens of
thousands shorterm

1001+ displaced people
longterm. More than
100,000 shorterm

(Over 501 deaths and/or

term displaced.
ulnerable
populations begin t
have problems with
food, water, and
access to services

\Vulnerable populations
haveserious difficulties.
General populatioris

startingto have problem

displacedUp to30% of
population experiencing
difficulties

displaced. More than 30
of population facing acut
shortages of basic suppl
land access to services.

Economy [EMAP How does the hazard affect the local econonNo measurable No impacts to Entire sectors Core sectors of Seattle's |Physical losses equal to

Economy] impacts. overall economy, [experiencing loss of economic base are affecte(10%of assessd value.
but isolated revenue and capital.  [and unable to generate  |Loss of ability to generat
businesses revenue. Capital losses [revenue.
experience between 1 and 10% of
hardships assessed value.

Environment [EMAP [How damaging is the disaster for the natural[No damage / Degradation of Degradation of ecosystgFunctional loss ain Longterm loss ofan

Environment] environment? temporary minor  |ecosystem that willthat requires interventiofecosystem, but restoration ecosystem

damage repair itself possible.
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Consequence Categd

Definition

One

Two

Three

Four

Five

Structures [EMAP
Property, Facilities, al
Infrastructure]

How does the hazard affect buildings and
physical infrastructure? This includes utilitig

No effects.

1 - 10 structures re(
tagged. Up to 259
loss of one utility

11- 250 structures red
tagged. Multiple utilitie
affected up to 25%

251- 1000 structures red
tagged. Multiple utilities
affected 25 50%

1000+ structures red
tagged. At least two
major utilities degraded &
least 50%

Transportation [EMAR
- Property, Facilities,
and Infrastructure]

How does the hazard affect the ability of
residents and workesto access the resourceg
they need? Watch the combination of high
mobility and duration impacts.

No effects on
mobility

IAll essentiakervices
accessible, but
delays reaching
ork or non
essential services

One critical service
inaccessible. Degradati
of at least one mode.
Major corridors open, by
minor streets degraded
impassible

Many critical services
inaccessible. One major
mode inoperable. One
major corridor inoperable

Most critical services
inaccessible. Multiple
modes inoperable. Most
high-volumecorridors
impassible.

Critical Services (EM/

How likely is the hazard to reduce the

No impairment of

Temporary

Temporary degradation

Temporary degradation of

Unable to deliver Most

- Continuity of community's ability to provide critical service(critical services degradation of 1  jof multiple critical most critical services. Lon(critical services
Operations and public safety, social, utilities, financial, food critical service services. Lontgrm term degradation of multipl
Responders] distribution, and medical. This includes the | degradation of 1 critical [services.
of responders due to death or injury. service
Confidence in \Would public's confidence in government be[No (not used) Somewhat (not used) Yes

Government [EMAP
Confidence in
Government]

shaken
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this hazard changed based on trends,
increasing understanding of the hazard, ¢
changing underlying conditions that give
rise to the hazard.

Management
Consequence
Category Definition One Two Three Four Five
Cascading Effects  [How severe and complex will the secondHazard Secondary Secondary hazargSecondary effects  |Secondary effects
effects be? extremely hazards may |occur that extend |generated that generated and rival or]
unlikely to causjoccur, but are [the impact of the [significantly increase |exceed primary hazar
secondary likely to be disaster and the magnitude of the |Secondary impacts
hazards and if |minor comparethamperresponse [disaster. Secondary would definitely be
they occur are {to primary but are not impacts would likely bdisasters in their own
minor. hazard disasters irtheir |considered disasters iright. Example: train
own right. they occurred by derailment leading to
themselves. massivechlorinespill.
Future emphasis  |How much is the level of emphasisin  [Decreasing  |(not used) Emphasis (not used) Increasing emphasis
mitigating, planning for, and preparing folemphasis unchanged
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Table3. Hazard Relationship

Secondary Hazards
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Earthquakes . .
Landslides ‘
\Volcanoes ‘

[Tsunamis and Seiches

Biological Hazards

Social Unrest

[Terrorism and Targeted Violence

Cyber Disruption

[Transportation Incidents

Structure Fires

Hazardous Materials Incidents

Primary Hazard

Built Environment Failures

Power Outages

ExtremeHeat

Flooding

Severe Winter Weather

\Water Shortages
\Wildfire and Smoke
\Wind

This table shows the relationships between primary hazards and secondary hazards (i.e., cascading effec
secondary hazard is one that can be triggered by the primary hazard. A triggered hazard has its own secq
hazards. These are tertiary hadar For example, a snowstorm occurs. This is the primary hazard. Then it
rapidly melts triggering urban flooding and landslides. These are the secondary hazards. The landslides
out the supports of a bridge that also carries power, water andigas. These outages are the tertiary hazarg
These cascading effects can have a huge multiplier effect and make the effects of hazards hard to predict
are one of the major reasons it is a mistake to equate hazard vulnerability with disasterahility.
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COMMUNITRROFILE

With an estimated816 600residents? (2025) and632,813jobs (2@4)?, Seattle is the largest

municipality in theU.S Pacific Northwestlt isthe NB 3 Ad®efs@c@nter of culturaandeconomic

activity. Builton a hilly isthmus between Puget Sound and Lake Watsinip§eattle is famous for rainy
weather, proximity to nature, coffee, software, and airplanes, but as is often the case with things a place
is famous for the truth is more complex and interesting.

Tounderstand how hazards impact Seattle, one must firglerstand Seattle. This chapterovidesan

overview of Seattlehat givesa context for all the hazard chapter§his community profile does three
GKAy3aY SELXIFAYya 6KFG Aa G adGl 182 oNRI Rf,andRSY2y &
provide basic facts about Seattlemographicsnatural environment, and built environmer major

GKSYS NHzyyAy3d GKNRdAK GKS RFEGF Ay GKAA&A OKFLIISNI Aa

Seattle is strong econaically. Two of the five largest companies in the world by market capitalization

(Microsoft and Amazon) are headquartered in the greater Seattle Britdas home tosome ofthe

wealthiest neighborhoods in King County and some of its podfézradoxically, Seattle is both a city

of neighborhoods that looks inwatult ishighly dependent ointernationaltrade withover $36billion

exported out of the metropolitan region 023 Housing supphK I & y 24 {1 SLIG dzLd ¢ A (K {
growth resulting in a housing crisiSledian home prices nowxceed six times median annual household
incomeandnearhyK | £ ¥ 2 F { Sarelrdhfb&deaed, N&ined d&pNidEing more than 30% of

income onrent and utilities!®

TheSeattle communitgxtendsbeyond thecity limits. The City of Seattlewns important resources

outside the city limits. They includiamsin the North Cascadg®oss and Diablo Dam#&end Oreille

County (Boundary Dam), the T&liver Watershed, and the Cedar River Watershed. These resources are

owned by Seattle City Light ageattle Public UtilitiedVater and power transmission lines connect

these resources to theity. Identifying the hazards that threaten these resources is importaggio a
O2YLINBKSYaA@S LI Ol dzNI tud, Thesk Ssbelpasé Mardls ttiefcomBidtigs A f A (G & @
where they are locatedl'hey are addressed in this analysis.

Physical Geography
Forneaild 27T { Sl|gédygfaphpays dnhjdrrblédllRisia goodlace to starooking at Seattle
from ahazardperspectiveSeeFigure Xorl £ 221 |0 {SF GGt SQa (2L123INI LKe O

Location

Seattleis one of astring of cities running from Vancouver, Canada to Portland, Ordg@the

northernmost majorAmericancity in the lower 4&tates FargoNorth Dakotaand the northern border

of Maine are south of Seattléts position in the upper left part of a map of thewer 48can make it

feelfar from the restof the U.S.but close to Alaska and Asia. As the closest major U.S. city to Alaska,

Seattle has deep ties to that stasgarting with the Alask&’'ukon Gold Rush in 1897. Seattle is also one

of the closest U.S. ports to Asia.igjroximity has led to strong trade and immigration relationships

GAGK ' &AL ® hOSNIfts {SHAGESQa t20r0A2y 3IAGSA Ad |+
west as it does to the east.

2 S3GSNYy 2 |PagetisyuRdiregipriisia large, nesthuth oriented basin bordered by the

Olympic Mountains on the west and the Cascade Mountains on the east. Puget Sound itself is a narrow

extension of the Pacific Ocean that runs down the middle of the basin. Seaitle $itf 2y 3 t dzZ3S 0 { 2 «
easternshore.
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City of SeattleAssets Outside the City Limits

The City of Seattlewnswatersheds, dams, and power and water transmission linese Cascades and
Eastern WashingtorCity Light own&ve damesThe biggest, the Boundary DasninNortheast
Washington in Pend Oreille @aty along the Pend Oreille RivELO miles north of Spokan&hree

more, the Ros$orge,and Diablo damsre close togethealong US
Highway 20 in North Cascadsational ParkThe last is on the Cedar Rive
SeattlePublic Utilities ownshe Tolt and Cedar watersheds on tlvestern The effects of rivers

front of the Central Cascadebout 40 miles east of Seattle. and steep hillsneant
_ B the2020-2 West
LocationEffects onVulnerability Seattle Bridge
Seattleisrelatively isolated with few surface routesnningeastwest closure increased
through the Cascadd$90 and SR Zndthose runningnorth-south Fire Department
confined to the narrow space between Puget Sound and the Cascades [N ololal=N (S5 Nal=)Y
Flooding, landslides, bridge collagse were mitigated by
and other hazards can block these routeSS=Te[o [{a{o RN ETo (o [ST#F=Ta10

Another effect of and isolate SeattleThe watersheds, medic unit to West
WECIWEVEREGSIEEIR  (ams, and transmission lines outside the Seattle
hills: hospitals city limitsmake Seattle a wider target
Qoncentratedon geographicallyThese areas are
First Hills couldbe vulnerable towind, wildfires, landslides, earthquakes, and other

hard to reach if incidents that do not affecBeattle directly.
bridges are

impassable. Landforms

Seattle is an isthmus sitting on the 84 square miles between Puget
R Sound to the west and Lake Washington to the east. Elliott Bay
SEGSYRa Ayid2 { S (ngSest arhovdrjladRHage. DavehowinAsAnythis adrr@iv
section, causing many major transportation routes and servicéstibeneck

Two waterways the Duwamish River and the Washington Ship Gadalide the city into clearly
defined sections. The Duwamish River runs nért dzi K G KNRB dZAK GKS OAGeQa
southern third of the city into easwest halves as it runs from trswuthern border into Elliott Bay. The
Lake Washington Ship Canal, which connects Puget Sound to Lake Wasthirgytgh a series of cuts
and locks, separates the northern third of Seattle from the rest of the city.

Seattleis very hillyDuringthe Pleistoeneepoch(2,580,000 to 11,700 years dgine Cordilleran ice
sheetpushed down from the north over the area that is now Seattle. Ice 3,000 feet thick scoured the
land and left north/south trending ridges and troughs. The troughs filled with water to become Puget
Sound and Lake Washington. $hedgesform our hills with theirsteep eastern and western sidebhe
highest hills reach over 500 feet. Like the water barriers, the hills have glidt { dedelSpmant.
Roads are forced to jog around obstructions or dead suddenly.

LandformEffects on Vulnerability

The importance of these water and slope barriers on emergency response cannot be overstated. The
arrangement of hills and water has dictated where transportation routes and large facilities can be
located. The resulting patterns create a relationship bedwéhe natural and built environments that

O

(7))

I NB FdzyRFEYSyidltt G2 { Keyirdnspbraton riutes dndNailitie®des y SNI 0 A £ A G @
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Figure2. Topography

_ Rainiery,
Aoy \ Beach
WHEights

Mt View j :

City of Seattle, King County, WA State Parks GIS, Esri, HERE, Garmin, SafeGraph, GeoTechnologies, Inc, METI/NASA, USGS, Bureau
of Land Management, EPA, NPS, USDA
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concentrated by the topography making it possible for a single incident to affect multiple types of
infrastructure. Many critical facilities like hospitals, specialty public safety units, and utility resources
can be isolated if key transportation routase impeded. In 2020 dangerous cracking in the West Seattle
bridge forced it out of service. Access to and from West Seattle became much more difficult. Response
times for the Seattle Fire Department ladder and medic units increased. An extra ladder dicdumié

were funded for West Seattle to mitigate this increase.

az2zald 2F {SIrddftSQa K2aLWAGFf o0SR& FINB 2y CANBG | Aff
for Washington\Wyoming, AlaskaMontana, anddaho (WWAMI region)There are four hospitals

located north of the Ship Canal Bridge, one of which includes nearly all the pediatric hospital capacity in

King County. The Veterans Administration hospital is on Beacon Hill and there is a psychiatric hospital in
West Seattletiat houses most of the involuntarily committed patients in King County, including those

who pose a threat to public safety. The locations of hospitals provide broad geographic coverage across
Seattle yet impacts to transportation infrastructure during disais can isolate these facilities and

render them only capable of providing medical services to their immediate communities.

¢tKS CANB 5SLINIYSyGdQa KIFTFNR2dza YIFGSNRFta GSIFY Aa
centralizationof a limitedresourceis the most efficient distribution of resources, but during an

emergency some neighborhoods could be cut off from these downtown services. West Seattle and

Magnolia depend on just three bridges each for their direct connections with the rest of théncity.

major crisis, casualties would have to be transported downtown because there are no hospitals in those
areas. If the bridgewere down, there would be no way to get medical treatment to the neighborhood

quickly. Even after the immediate crisis, isolation could remain an issue. San Francisco Bay commuters

were confronted with longerm delays after the Cypress Freeway collapsié 1989 earthquake.

{SIrGdft SQa RSLISYRSYyOS 2y oNAR3ISa O2dAZ R Sraiate tSIR

Geology

Tectonic activityglaciationand human activitygive Seattle its geolog¥he Puget Sound Basin is being
compressed by the movement of the Pacéiad Juan de Fuca plates. Ttrin is relieved by
earthquakes on a series of faultsnning though the Puget Sound Basine3éfaults move vertically.
The areas north of the faults sink after earthquakes subsequently fill with sedimentary material.
Seattle has one of these basins under its downtown.

Glaciation isin important shape2 ¥ { S| (i (i {AB&st sedes thieLtie & drdilleran Ice Sheet
moveddown from British Columbitb cover the Puget Sourigasin in ice up to 3000 feet thicks the
ice advanced and retreateddeposited layers of sand, clay, atiltl(asamix of different material)The
only exposed bedrock in Seattle is Seward Parknaad the south end of King County International
Airport.

Human activity changefl S I G (i f S (N&arlyZ2892 df thedsarface of Seattle is covered filith
produced by filling in théide flats in the Duwamish Valley and other kying areas’ Regrading
projectsremoved Denny Hill in what is now Belltow®uts were made in Beacon Hill to alloail
transport from Lake Washington to Puget Sound

How GeologyEffects Vulnerability

{SFHGGHf SQa 3IAS2f 238 dityrake&Aosdi to oriaveOHeighteNdd tiskfrod ¥ (G K S
earthquakes, landslideand urban floodingThe sedimentarpasinsamplify seismic waves to produce
stronger ground shaking during earthquakes.

The glaciated soilsffect where landslides happen. Wateercolates through sand and till until it
encounters claylt then moves sideways untilémpties outonto a hillside. These contacts between
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sand, till, and clay are at heightened risk of landslides, espeoedbuse asll and sand become

saturatedthey becomeheavier and less cohesivéln many areas human activity has destabilized

at2L35ad LYy FylftelAay3a + OSyiddaNEQa ¢2NIK 2F NBLRNILA
that 84% of all landslides had some degree of human influéhce

Climateand Weather

Climate change is affecting Seatlled is covered in its own chapt&eattle has a temperatedimate

with wet winters and dry summer&eattle receives legetal precipitation than Bostomut has 149 days
with someamount of rain Its temperature is moderated by the Pacificeankeeping the lows
generally above freezing and the higienerally below 80 degreelumidity isvery lowand wind
speeds average less than 6 mph.

Despitehaving generally mild weatheBeattleexperiences periodic weathextremes. It periodically

receives hurricane force winds and evean occasionabrnado. To understand these complexities, one

Ydzad FANBRG dzy RSNAGFYR K2g¢g GKS tI OAFAO hOSIHYy FyR 2
{ St GveatieO 4

Figure3. Daily Average ancExtremeTemperature Summary (Sead)d/1/ 1945¢ 2/4/ 2025%°

SEATTLE TACOMA AIRPORT, WA (457473)
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Western Regional Climate Center

Prevailing winddo NA y3 G KS fooin théviest ovér $hePaciiS@ehn. Becausair temperature
over water does not vary as much as it does over |&relair that reaches Seattle does not vary widely
in temperature givingeattlecoolsummers andemperatewinters.On average each year since 1945
there have been 3.3 days over 90 degrees. The number jumps to 4.3 days per year since 1995. On
average there have been 2.4 days where the temperature remains below 32 degrees since 1945 but
drops to 1.5 days since 1995.
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Figure4. SeattleDaily AveragePrecipitation Summary (SeaTat)l/ 1945 ¢ 2/4/ 20252

SEATTLE TACOMA AIRPORT, WA (457473)
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ThePacific Oceanlso accounts for the seasonality of our precipitation. Weather systems tend to follow

the jet stream, a narrow band of high, strong winds. During the winter the jet stream frequently passes

over Seattle, bringing wet, stormy weather. As temperaturesaiser the Pacific in the summer, the jet
AO0NBFY A& LzZAKSR y2NIKXZ GlF1Ay3a GKS Of 2dzRa FyR NI A
between October $and March31*, just under half falls between Novembet dnd the end of

February.

Olympic and Cascade Mountain Ranges

The Cascadearea barrier that keeps dry continental air out of the region and moist Pacific air trapped

in it. Continental air is hot in the summer and cold in the wint®ith continental ai blocked,

temperate marine aiisi KS YIF Ay Ay FfdzSyO0S 2y {SIFddfSQa GSYLISNI I
moisture, especially in the winter. It is blocked by the Cascades as it movesdaststriseto get

overthem. As it does so it cools amdndensesgreating clouds and moderate rain. As a result, teat

hasrainy and overcast days but less total rain per year than many cities.

The snowiest places on earth are less than 100 miles from Seattle. Mt. Baker had 1,147 inches (nearly

100 feet) of snow during the winter of 198Bbreaking a record set at Mt. Rainier of 1,122 inches.

During the same winter, Seattle got only a few incbEsnow On average, Seattle gets 12 inches of

ay2¢ LISNI @SIENY ¢KFG A& Ffy2ad G6A0S oKIFIG t2NIflyR
nH AYOKSas aAyySILRtAaQa pc AyOKSazI 2N 5Sy@SNna p

transportedini 2 GKS ay2¢6eé /I aoOFRSaed {SIFIdiftSQa 2yS RI& NB
inches. Seattle record snowfalls far exceed average snowfalls. Most snowfalls happen when cold

continental airppusheghrough the mountains and collides with an incoming Pacific storm. The reasons

for the occasional heavy snow are covered in the chaptesewere winter weather
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Figure5. Average and Extrem&nowfall (SeaTad)/1/1945 ¢ 2/4/2025%

SEATTLE TACOMA AIRPORT, WA (457473)

Period of Record - Daily Averages and Extremes: Snowfall
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Climate Effect on Vulnerability

{SFGGt SQa 3ASYSNItfe YACf becalsk achie avedts aStRutsidé 2 a2 YS RA
averagesThe snowfall totals reveal the dilemma most starkly: Seattle is neither a low snow city like

Atlanta or San Francisco nor a heavy snow city like Denver. Stuck in the middle, the government,

businesses, and residents face difficult choices about how mpregraration toundertake Adding to the

O2YLX SEAGASE Aa {SIHidGfSQa KAffte G(G2LIIANILKE GKIFG Y

Weather carchallengeemergency response. If a disaster were to strike while snow was ogrdtuad,

it would greatly complicate the critical taskiansporting the injured to hospitals, many of which are
located on hills, would be difficult and the fire department could be delayed in responding to
emergencies. Even rain can be an unforeseen complication. After the Northridge Earthq8Rrd,in

many people moved out of their damaged houses and into local parks. The good weather allowed them
to do this. InSeattle, they might not be so fortunate.

NaturaEnvironmenand Environmentally Critical Areas

Although Seattle is the most urbanized part of the Pacific Northwestainspartsof its pre-urban
ecosystems. These areas aressential tahe wellbeing of residents, workers, and visitoree City of
Seattleprotectsits natural environments with plans and regulatiofsvo critical tools are the Urban
Forest Plan and the Environmentally Critical At@edinance Developed areas are ecosystems too and
cancontributeto{ S GGt SQ4 0A2RAGSNBAGE D
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Urban Forest

TreesarddA G £ LI NI 2 T, efpBdallipiirflay@rativé osférBeatile Svas originally
heavily forestd. (For areconstructed magPDFpf Seattlebefore Europeararrival, visit theBurke

adzd SdzyQa 2 I (i FINI9X2y48% of thal@yenddvered by trdegem 1972 to 1996 Seattle
lost over 46% of areas with heatrge coverand 67% of areas with medium tree coéBy 2007
{SFGGOf SQa ( NB SToGdrrgcethiddosshtt CityoftSéattlendepterl the Urban Forest
ManagementPlan in2007, whichcreateda goal of 30% canopy cover by 20B72016atree canopy
assessmenshowed 28% tree cover in Seattlén 2021 despite the30% goala new assessment
revealedthaf SI GGt SQa (NBS 10% gr25Facreédughly theksidlny Greddk®, to a
new total cover of 28.1%.

The decline is being led Intive speciesn public propertp { S+ GG f SQa t I N]J & FyR 3INB
highest percentage of these species which is why these areas have seen the biggest de@¥tesdm

2016 to 2021)These areas ardominated by red alder and big leaf mapléney are pioneer species that

populated areas that were loggedhe trees are nearing the end of their natuiaés,but our

increasingly dry and hot summers anereasing pests and exacerbatimgrtality. Normally,alders and

maples would be succeeded by Douglas fir, western hemlock, and red, daddecause these trees

were loggedthere are far fewer seedlingsrailable to replace themn 1999, less than 293 acres of
SeattlewereO2 GSNBR A GK (GKS yIGABS O2y A BEINYadasblBHhisa (K
number is decreasing.

Urban Forest Effects on Vulnerability

Trees especially oumature ones reduce vulnerability tmany hazardand stressorsAreas with high

tree covershow more economic vitality antbrrelate with better healthThey mitigate heat, improve

air quality, and reduce floodinghe Cityof Seattleestimates that tree canopy lofom 1972 to 1996

costs Seatd $1.3 million per year by causing an extra 7.5 million cubic feet in stormwater rgaoff
factor in urban flooding’ Trees also improve urban air quality by removing thousands of pounds of
pollutants from the atmospherelhe estimated benefits from carbon storage amount to $10.9 million in
savings?®

Despite their manypenefits, trees also possomerisksdue to wind and snow when tlyecandamage

houses, power and telephone linaadtheir rootspull up underground pipe#\ 2016 LIDAR(atype of
remotesensing) Y f @aAa aK2ga GKFIG Yzad 2F {SrddadtSQa GNBS:
right-of-way, representing 72% and 22% of the canopy cover, respecti/Ehe areas with thelensest

tree cover in the citylNortheast and/Nest Seattlehave thegreatest amount of debris, fallen tregsnd

associated service disruptiodsiring stormsThe potential damage caused by falling trees can be

mitigated by trimming the weak limbs and removing weakened trees near buildings and infrastructure.

Wetland and Riparan Corridors

Wetlands are some of the most valuable and compgleasystems on earth. They mitigate flooding,
improve water quality, recharge groundwater, stabilize the shorelimel offer habitat to many fish and
wildlife speciesSeattle ha$47 acres of wetlarglor just under one square mifManywetlandsare
narrow, fragmentedbands alond S G Gt SQ& n Phe higGest concentintitieldtatad
along streans,Union Bay, the dboretum, and Sand PoinEeeFigure 6

Rparian corridors are th&ansitional aeas between terrestrial and aquatic environmerifbey are the
F NBI a | f 2syfeamsang bftériiofe8a@ with wetland ecosystenTiey maintain strearand
waterbody qualityby removing sediment, pollutantand woody debris while maintaining water
temperatures. Theypromote healtty salmon and wildlife habitat
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AquaticEnvironments

Seattle has complexvariety of aquatic environmentat include streamsa river,lakes, estuaries, and

nearshore marine habitatSalmont NB | @A G f LI NI e&fFof theSd eavirdnBentda K S NA
is importantin their lifecycle.Nearly all of Seattle marine and freshwater shoreline has been heavily

modified by urban developmenmcluding the lowering of Lake Washington by 9 feéh the

construction of the Lake Washington Ship Canal and theutng of the Cedar River fnothe Green

River into Lake Washington.

1 Rivers and StreamSeattle has 45 streamblany are confined in pipebut the largest
CK2NYyd2y> t ALSNRAZ ¢ &fioR dpEnly prdl gupbrésalch g > | YR Cl d.
population Salmon also migrate along the Duwanffer, five miles ofwhich was designated
as an Environmental Protection Agency (EPA) Superfund site inl@@dcember 2024;lean
up began and igxpected to take a@lecadeandreduce PCB contamination by 90Phe mouth of
the Duwamishas twoother Superfund sites: the Harbor Islaadd Lockheed West Seattle
Superfund sites?

§ LakesLake Washingtod 2 NRSNB&E { Sl (Gt SQa St aisBwdtypesdRSd LG L.
salmon and trouind many bird species including eagles and ospi&sonnection to Puget
Sound through the Ship Canal allsalmon and trout to use it as a migratory path. Three small
lakes, GreenHaller, and Bitter also support wildlife, but anet off from Puget Sound because
they no longer havenatural drainage systems.

{1 EstuariesEstuaries are the transition zones betwestreams and marine waters.t £ 2 F { S| (G f
estuaries are highly modifiedNatural estuaries are very important habitat for young salmon.
wSad2NRAy3a {SIGdf SQa Sai dzbenNdfitSalmor rRcovery.Y 2 NB Y I (i dzNJ

1 Nearshore marineéSeattle has about 33 miles sioreline along Puget Sour@nly 10% is
unaltered3? Natural nearshore environments suppadmplex ecosystems. They depend on
processes that erode and transpaetrestrial soils to shallow water. Bulkheadsawalls, and
shoreline armoring interferes with these processes and degradesdheshore environment.

The most environmentally productive habitats in Seattle are some of these unaltered shoreline
areas: Seward Park, Union Bay, West Point, and Magnolia Bluffs and Lincoln Park to Fauntleroy
Cove

alye 2F { Sl (i bd3de@dbyibluisNidn-argasiZzedehvidBments Puget Sound bluffs
provide material for beach and shoreline environmebelow them. Wave action can steepbtuffs
making them more susceptible to groundwater induced failtfig Seattle, much of the shoreline has
been armored to prevent beach erosion and landslidiesically, amoring can cause some blutfs
recedefaster by depriving their bases of sediment. During the 19B6andslides many landslides
occurred on slopes where a bulkhead had protectedtibse of the bluffor decades.

Prior to urban development, Seattle contained numerous peat bogs. Theseaaspgone tosettle

when cut off from water rechargdamaging buildings and streefehe Greenwood area has been

especially affected by peat settlement. The City of Sehtkeidentified39 peat settlement areas and

regulates themAmap2 ¥ G KS&S I NBI a A Geoba@lpottél.l 6t S 2y (GKS / Ade&c¢

History

History has a significant, but hard to quantify effeathazard consequences. It drives development
patternsand culturethat in turn affect hazard vulnerability. This briefcsion outlinesbroad themes
that affect our hazard outcomes.
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People have been living in the area we know as Seattle for 13,000 f#&wreninhabitedsiteshave

been locatedwithin the currentcity limits.The._dzNJ SQ& a dzd SdzyQa 2(PDFSNI Ay Sa t N
identifies these sites and more around Lake Washingitie. oldesknownsettlement, 4,000 years old,

is located aWest Pointin Magnolia As the time of Europeasettlement,the Duwamish Rivawvaswell

populated?* These people experienced tigost recentand extremely powerfubeattle Fault

earthquake in the winter of 923.

Norrindigenous settlement began ir8%1. The 1855 Point Elliott Treafgrcedt dz3Si4 { 2 dzy RQa
indigenouspeople on to reservationg. S | { Majorgy@uith started in the1880s. Even its older

odzAf RAy3a &aStR2Y RIFIGS o601 01 o6Se2yR (GUKS mydpnQad 5S3
the location of the most vulnerable structures and generates collective institutional memories of past

disasters that shape perceptis of all the hazards thaty faces.

Seattle grew out from its Pioneer Squdoeation. Many of the oldest buildings in the city are there and

in the surroundingd-irst HilLlQueen Anneand Capitol Hill areas. As the city grew, it spawned several

towns that became the roots of several Seattle neighborhoods, notably Ballard, Columbia City, and
Georgetownp 5dzS (12 GKS AyTfdzSyO0S 2F (KSasS alrdiSttAasS I N
developed strong neighborhoods. Consequentlger and more vulnerable structures are scattered

throughaut the city, especially in the old cores like Ballard and Columbia City. This development

suggests a need for a decentralized emergency response to cope with damage to these older structures

in the outlying areas.

trad RAAlFIAGSNA KIFI@S ONBFGSR F FA{GSNI GKNRdAzZAK gKAO
Twomoderatemagnitude Searthquakes of the mid990s jolted thecity into an awareness of the risk

that a major earthquake poses for s a resultit began preparing foearthquakes with a program

called Project Impact before the much larger 2001 Nisquallihgaake These collective memories can

produce ironic results. After the great fire of 1889, building codes changed to require brick ctinstruc

Soon, brick construction became a normisltew construction introduced a vulnerability to tla-the-

time unnoticed risk of earthquakes.

Socb-Economic Environment

Fueled by a strong technology sectBeattle has been one of the fastest growing cities in the United
States but this growth has come with a steep cost of rising wealth inequalitysing costs, and racial
inequity.In 2023, the technologgectorexperienced a slowdown, butigtoo early to know ift will

have implications for the larger econorig 2024, the Seattle Mtropolitan Statistical Area (MSA) had a
gross @mestic praluct of$567 billion dollars, 9%increase from 2028

{ S| {(populst@rigrew from 608,660 ithe 2010censugo 737,015 irthe 2020censusor 21%That is

morethan double the rate from 1990 to 2010/ore of theSeattlemetroQ Bopulation is concentrating

in the city of Seattle.In 2012 Seattle reversedl®2-yearold trend and grew at a faster rate than its

suburbsFrom 2012t02029 S| (G f SQ&a L2 LIz F GA2y 3INBG 08 Hm> GKATL S
14%3

TheCOVIEMcp LI YRSYA O R hapitNdiandt. B/idendeh hie §derSidifferent growth

estimates ofhe US Censusandther a KAy 32y {GF GSQa hTIOFM¥n202T CA Y| y(
US Censusstimatesshoweda slight dONB I &S (2 T on I nedaninkriéasd t&74230Ca Qa a K2
The difference isnly 8,400.Both numbers are samplelt would be strange for them to be the same,

but it israre forthese two estimates to point in differentirgctions It is possible the Census data may

reflect peoplemoving out of Seattle during the CO\fiandemic®*’ By2023 both estimate showed
renewedgrowth, but the gap in the estimated population has grown. Thé / Sy adza SaidA Yl (SR
population at755,078 while OFM estimatetV9,200 for alifference of over 24,008
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{ S I Grépid §rowih has ledo a housing crisiwith demand far outstripping suppl¥any people who

could not afford price ioreases havékelybeenforced out of Seattle. Seattle is increasingly becoming a

city of thewealthy. In 202 the Seattle metro areaedianhousing pricavas 6.6 times the median

household incomeRenters noWNB LINS & Sy i 2 @S NJ K| f @vershdif ofrebtersidif SQa K2 d
rent burdened, meaning over 30% of their incogmes to rentTheNational Low Income Housing

Coalitin estimates it takes an income $90,760 to afford a fair market oAgedroom apartment in

Seattle. Thenly good news is that rent increases have been slo#ing.

The affordability gajis increasing S I (viilhe@bildly becausenany frontline staff who keep Seattle
runningcannot afford to live in the city where they work. Whenever an event strikesitiaedes
transportation,many frontline staff cannot makie into work, causing reductionis services that many
vulnerable people rely orkzor exampleduring snowevents,staff at some librariebave been unable to
commute to work Due to minimum staffing requiremensome branches have had to closereduce
hours. Libraries are not shelters, but they grablicspaces wher@eople withoutoptions can go to
warm up during the dayThe reduced hours meamore people out in the cold

Seattle is one of the most expensive cities in the US. Several government agencies and companies have
developed models for measuring the cost of living. Most put Seattle between'tla@d 7" spots.There

are signs that Seattle, like Manhattan and San Francisco, is losing its middle class and becoming less
RAOGSNRES (KIFIy Ada &adzodNbaod {SFHiGfSQa YSRALY AyO2YS

Population an®emographics

Seattleis adynamic city with a high percentage of immigrants, especially from Asi#traktta many
young,collegeeducatedpeoplestartingtheir careers About half of the population is between the ages
of 2555 and the majority live alone or with one other persdhepercentage of children is very lom
the 2020 censusSeattle has the'8lowest percentage of kids among US cities with a population of
100,000 or greatef® Nearly 1 in 5 Setie residents were born in a foreign countnith nearly60% of
these immigrantgoming from Asidlt includeshighly derse areasear the downtowrcore and
Uniwersity District(Figure?7). Table4 shows keysocial and demographfor Seattledata along witho

other cities for comparison.

The2023 American Community Survey shows that that:

T Hyop> 2F {SFGGfSQa NBSaAARSyda 62N]J SR TNRY K2YSo
Seattle has an average household size of 2. Alnfi%t &f Seattleites live alorfg.
70% of resident@5andoverK @S G € Sl aid ¢ ol OKSt 2NNR&a RSINBST
14.%% of Seattle residents are under.48
20% of Seattltiouseholdshavea caravailableto them.*
1 19% of Seattle residents are foreigorn.*®

=A =4 =4 =4

In 2023 the median household income in Seattle was $120165080m$91,164in 2013 (nflation
adjusted2023 dollarspr a 32% increas€In 208z { S GGt SQa 9.pRWBNGIgw NI S &1 &
compared to most other US citid$ hasdecreasedrbm 14.7% in 201¢° Hidden in this good news is

the likelihood that many lower incompeoplemayhave been priced out of Seattehile pockets of

extreme poverty remain. The GINI index is a summary measure of income equality based on the
difference between observed income distribution and a perfectly equal income distribution. Values

range from O to 1 where 0 is perfect equality (everyone receives an equal share of income) and 1,
perfect inequality (one person or group receives all income). US cities with some of the highest GINI
scores are Atlanta (.5653) and New Orleans (.5635). Seattle has a value of .4899 which is slightly higher
thanthe U.S. (.4828). Cities with low GINI scores include Arlington, Texas (.4461) and Mesa, Arizona
(.4201)* High GINI scores often indicate the presence of a highly wealthy group as well as lower income

54



CITY OF SEATTBHAZARD IDENTIFICATION AND VULNERABILITY ANALYSIS

\ Seattle
ll" Office of Emergency
Management

Figure7. Population Density 220
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Table4. Demographic Summary of Seattle and Similar Cities
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displacement pressure. Racial, ethnic, anddggrdisparities contribute greatly to inequality in the U.S.

and Seattle. The median black household income in Seattle is 59% of overall median. Itis 71% for

Hispanic households and 61% for female headed households with chifdBemsus estimateshow the

number of children in Seattle peakeda017after a growth trendh y (i K SSeattle Soh@@B ©

experience growing enroliment until theCOVIBL9 pandemiavhen total enroliment dropped from a

high of 53,627n 2019to 49,226in 2023.52 In remains to be seen whethéine number and percentage

of children will increase as Seattle recovers from the pandemic.

Income gaps, systemic racism, and Higlising costsreate disastervulnerability. Often the least
expensive housing is areas that are the most prone to hazards. When a community is impacted, it is
often difficult to find alternate housingin the neighborhoodmaking itchallengingo keep communities
intact. When the low-incomeSouth Park neighborhood flooded in late 202hergency responders
helping the communityound no low-incomehousingclose to the affectegroperties Khmer and
Hispanic residents were especially impactéd.

Seattlehashistorically been less racially diverse than matter large US citiedutalarge inmigration
from Asiaisincreasing S | {0 (vér$StDla 20R,A7% of Seattle residents weoéAsiandescent.
Additionally,in 2023,nearly 1 in 5 Seattleesidents is foreign borrMost ofthe foreignborn population
immigrated from AsiaThis is much higher than the rest of the US but not compareibarbs like
Bellevue where 42% of the populatiorfaseign born.Seattle has a relatively small Hispanic (7.4%) and
Black (6.3%) populatiom®@mpared to the rest of the US.

Several local and national studies Inrelspondent demographic characteristics to personal

LINB LI NERYySaad /2YO0AYAY3I | NBEIA2YQa RSY23INI LIKAO LIN.
preparedness in a community and possible vulnerabilifite 2023 FEMNational Household Survey

on Disaster Preparednesorrelateddemographic profiles to levels of preparedness, barriers to

preparedness, and perception of ridihe findings rpresent the nation and may not reflect local

{ SI 004t SQaAll dénigidphit grous geleported roughly similaassessments of their disaster
preparedness. The percentage saying they were prepaeded mostly between 51% and 54%. The

lowest were Native Americaat 44%, Native Hawaiigor Pacific Islanderat 47%, people with faith

based beliefs at 47%, addrican Americanat 49% TheBlack population reported the highebelief in

the efficacy of disastgureparedness followedy the white population the lowestreported was the

among theAsian population. Those ové0 also had less belief in the efficacy of plannifige over60

demographic reportedower rates of having a personal plan (4fcdhthe general populations28%for

over-60). Lowincomepeople engaged dbw, or no cost preparedness actiofitke making a plargt

the same levels as higher incompeople buthad lower rates of action for higher caasttions like

assembling supplies or documenting insured propétty

Demographics usually refer to the residential population,Rut &+ a4 SN&E R2y Q4 | f gl &a K
people are at homekigure8 uses theLandScasystem developed by Oak Ridge Natidre#boratory to

K26 (0KS RAAGNAOdZIAZY 2F {SHOdGtS80a RHEGAYS YR YA
higher daytime population than its nighttime population. In 2019,-6@VID, the Puget Sound Regional

/| 2dzy OAf SadAYl i§SR (i Kdaitime pépulationivead 864000, buRhedciual{ SI GGt SQ
number can vary greatly by season, day of the week, weather, angpiog events.

Social Vulnerability

Hazards do not affect the population equally. Some people suffer more than others. These people are
Wa20AlLtte @dzZ ySNIo6fSdQ ¢KS /SyGdSNAR F2NI 5AaSlasS /2
characteristics known to correlate to disaster vulner&pilFEMA uses this index in its
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Figure8. 2021 Day / Night Population Distribution
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National Risk Inde¥igure 8 K2 g4 G KS RAAGONAROdzGA2Y F2NJ {SIFGdt S { ¢
GSYR (2 08 OfdAdSNBR I NRdyR {SIGGfSQa SRISEAT Ay w
Seattle(chiefly around Northgate and Lake City Way). Social vulnerability affects harm from all hazards.

hyS 2F GKS Y2aid STFSOGAGS ¢l e&a (2 NBRdAzOS I 0O2YYdzy
vulnerability.

{ S Galderl® goaulation has an increased risk of social isolation, of having a disability that prevents

them from leaving their home, and of facing barriers to obtaining informattoXl of these concerns

are exacerbated during a hazard event. In 2016, Seattle joinedgbe€riendly Gty initiative to address
environmental, economic, and social factors influencing the health andbs#&ly of older adultsThis

includes dforts to reduce social isolation among aging adults and to educate the elderly about

emergency preparedness.

Being homelesmakes people highly vulnerable to hazartlee Seattlareahas seen a rise in the

number of people experiencing homelessnaédeasuring the number of peopkexperiencing

homelessness is difficult. Ti@ost common measuristhe US Degrtment of Housing and Urban

5S @St 2 LIY SifTireicount,2it if id lardgheld to be an undecount. It shows an increase in
individualsin King County experiencing homelessness fi@368in 2022to 16,385in 2024 or a 2%
increase TheGounty found that 60% of people experiencing homelessness were unsheltered while 40%
were shelterec?’

Toaddress potential undercounts in the PaintTime Countthe King CountyRegional Homelessness
Authority also measures homelessness by measuringitiraber of households receiving servicés

June 302023,10,622were homeless71%of these housholdsconsisted of adultdNot all people
experiencing homelessness are unsheltetadhe King County survey4%of household$iad some

form of shelter(e.g.,emergency shelter, hotetouch surfinyy>® Becausepeople move in adout of
homelessness, King County estimates over 40,000 people experience homelessness in Kiry&ounty
the course 02020.%°

Those experiencing homelessness are particularly vulnerable to hazards as they may face greater
barriers to obtaining information and resources. Additionally, the unsheltered population is likely to face
disproportionate affects from weatherelated hazard such as winter stormextremeheat events, or
flooding depending on where they are locatédimost a quarter of homeless youth in Seattle identify as
LGBT@Q? a population that has historically faced discrimination that may compound the stress felt in a
disaster situatiorf! Due to this extreme vulnerability, many Seattle emergency operations center (EOC)
activations (most commonly winter storms, heat, and smoke) eowphasizeproviding emergency

services to people experiencing homelessness.

To mitigatedemographic vulnerabilitythe Seattle Office of Emergency Management has taken steps to
address equity and social vulnerabilityibyplementingthe Community Safety Ambassador (CSA)
program that provides emergency preparedness education anebskitling opportunities to Seattle
communities that can be disproportionately impacted by hazards and threafsecially nofEnglish
speaking communities. CSAs are native speakers in many of the most commonly spoken languages in
Seattle other than English and are trusted community member2020, the Office of Emergency
Management conducted a mitigation study with a focus group comprised of membdre GEA. The
central aim of this study was to identify the top services that are of fundamental importance to local
BIPOC, immigrant, and refugee communities in the Seattle area. The focus group included
representatives from Chinese, East African, Latinx,Smdheast Asian communities. Among these
communities, access to affordable housing, homelessness and emergency services, as well as health and
mental services were the top issues identified as priorities to address in order to mitigate the
disproportiorate impact of emergencies and threats.
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Figure9. CDC Social Vulnerabilitpdex
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Economy

20K GKS 208NIftf 802y2YAO a0NBy3IGK FyR GKS 681t aK
and its recovery from disaster. Disasters usually acceleratexisting trends. Places with a growing
economy see an influx of capital for rebuilding after a disaster and recover quickly while those with
weak economies see business move out, resulting in a loss of tax base, and triggering a prolonged
decline. Economic structure matters as much as overall trends. Places like Seattle with an ovesall robu
economy can have structural problems with pockets of poverty and poor economic health. Disasters
make these problems worse Inycreasng wealth inequalityand indebtednesslunia Fbwell and James
Elliotconducted a longitudinastudythat foundthe more FEMA aicn area receives, the moxealth
inequalitygrowsin the years after a disastdf a householdhas moreinitial wealth than othersbefore

the disaster, especially ihe wealthhas lesslepreciation,it receivesmore assisance in the form of

grants and low interest loarthan lower income household®

Seattle has had a strong economy in thé' 2&ntury. The Seattle metro area is one of the leading
technology hubs in the USlearly 1 in 1§obs in Washington are in tech aB8%of them are in the

Seattle metrotaO 02 dzy ia F2 NJ o k: 2 Eomplér@nting$hé tddh Sedtor Sr&2y 2 Ye @
healthcare, biotechnology, communicationsurism,and transportation industries.

Data from the Puget Sound §enal Council showsearly alj dzZ NIi SNJ 2 ¥ { Srfofmatios Qa 22 06 3
technology angbrofessionakervices (22.6%jollowed by healthcare at 11.7%overnmentand

educationcombine for 13.4%Manufacturing and construction account fér4% 52 These percentages

reflect national trends away from manufacturing and into the service sector.

Tableb. Local and Regional Estimated Employm&nt
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employer. Its market capitalization grew from $123 billion in 20132d %5trillion in 205 with a huge

surge during the pandemfe.Until 2026it wasthe largest leaseof office space in Seattemployed
55,000people butlayoff, development of office space outside Seattle, and remaiek have started to

shrink its footprint As of 2026ts employee count dippedtoundgrn = nnnx S+ @Ay3 ' 2 |
biggest employef®! YI T 2y Q& 3 NER ¢ inédiarfidusehoRl MBo@és yh Selattle to tBed

highest amonghe 25largest metro areas®’ The increase is being driven by wealthier households

moving into the city and poorer households moving éut.

QX
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COVID related employment shifts have had a huge impact on high density employmerihehadiag
downtown and South Lake Union. Many businesses catering to office workers have closed. Visitors and
shoppers have rebounded, but the number of office workers remains beloywamdemic levelsThe
Downtown Seattle Association repodseage weekday worker foot traffin 2024at 56%of 2019, pre
pandemicbaseline. While th@umbers are 8ll low, they are an improvemergincea low of 24% in

2021.With vacancy rates still high at 21.5% aubstantiainumbers of workergartially remote
challengesemain to returnworker foot traffic to prepandemic levels.

The aerospace induste SR { SvarigrovithS/hae itdtiPspeinds billions in the Seattle area, it

has dramatically cut employment in Seattle proper, with most jobs located in Renton and Everett. The
aerospace industry isverycyclicsk S agAy3a 2F {SlI G4f SQa Snietyez Y& KI @
NERdzOGA2Y Ay . 2SAy3Qa LINBASYyOS FyR (KS RS@St2LIVSy
has become more stable.

az2zald 2F {SFGdftSQa YIydzZFI OGdz2NAy3I &aSOG2NJ NBYIFAya OS
Ballard. Seattle has a much lower concentration of manufacturing than the rest of King County and
Washington State, but some manufacturing subsechangehigh concentrations in Seattle. These

include construction, freight, printing, seafood processing, food and beverage, metal fabrication and

stone products¢ KS 352 3INJ LKA O O 2 yhénSfgctuhipdsasa viskg/an that Solstdfii £ S Q a

its industry #s in a liquefaction zonen top of the Seattle FaulBusinesses in the South Park

neighborhood face increasing flood exposure with sea level Nsmy of these companies are small

businesses that may not be able to survive prolonged downtime.

{SFGGt SQa KSIfGKOFINS AyRdzaGNE KI & aBShéreweieSI Reé I NP
78,099 healthcare and social assistance jobs, accounting for atho®@ bf the job market?® This

number does not reflect the growing numberjobs inbiotech and medical research, which have

become prominent indusiesin Seattle with organizations like the Fred Hutchinson Cancer Research

Center and the Allen Brain Institute. The healthcare and health research sectors are concentrated in

First Hill (hospitals), South Lake Union (medical research and biotech firmsjead@tstrict (University

of Washington).

¢KS t2NI 2F {SIFdGtS Aa Iy AYLRNIFIyG O2YLRYySya 27
remains strong. Terminal expansions such as the opening of Terminal 30 are increasing the scope of
operations, much of which involve intermodal operationsisTihdustry centers around the mouth of

the Duwamish River.

Seattle has become a major tourist destinatidfmenumber of visitors has steadily growafter a

collapse during the COVI® pandemicln 2@3, Seattle and King Counlyad 37.8million visitors, up

9% from the previous yeaeaching 9®% of 2019 level& The arts, music, and sports are major

contributors to the local economy generating revenues in the billions and employing thousands. Seattle
tourists spent 8.2 billion in 2@3, generating over $§7 million instate and localaxes’ The

Washington Stat€onvention €nter completed a major expansion in2a3 A Yy ONB I aAy 3 { SF Gt
convention business

Besides its direct contribution, the cultural sector combines with the outdoor and coffee industries to
O2Yy(NROGdzGS G2 {SFHGGf SQA NBLIMzi Il G A 2 yitisthardtd-gyantify G NI OG A
this attractiveness is cited as a major reasioat businesses locate in Seattle.

{ S Gavdra® €anomy is strong, batslow downtown pandemic recovergmains a dragLike the

rest of the country, inflation climbed rapidly in 202210.1% locally iflune2022before dropping back

t0 2.7% in December 2024¢ KS { SF (Gt S YSGNZ I NEéewbp32® hdndha R2YSa .
beginning of 2019 to the beginning of 2023#667 billion’® Seattle supported an estimated 638,290

jobs in 2023This number represents jobs covered by unemployment insuraatoaut 85-90% oftotal

jobs.”* During the COVID pandemic, Sealilst 48,120 jobs by 202%. After apeakin March and April
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2020,unemployment rate for the Seattle metro area droppeds.3% in December 202hd thento
4.5% inJune2025."®

Land Use

Seattle is a mature city at the core of the Puget Sound metropolitan region. It is approximately 53,500

acres or 84 square miles in size, making it nearly twice as large physically as Boston, San,Brancisco
Vancouver BBut quite a bit smaller than Portland or Denver. Like other core cities, it has little

dzy RS@St 2LISR fFyR YR I fFNBS &AKINB 27F ,éan€S NBEIA2YyQ
industry. Even so, many areas of iy are covered with smaller singfamily homes built in the 1920s

30s, and 46, thatgive much of Seattle the atmosphere of an older suburb. This atmosphere is changing,
K26SOSNE |a {SIHaifSQa RSyarade AyONBlIasSa dzyRSNI GKS
Single familylot§ I { S dzLJ y Stk NI & pms: 27T {-8HwadyiMulttiandlyusdssy R | NB |
wherehd ¥ { SI G0f SQa LJ] LldZhe lack @ land veiddedar mutidiQztlahl ©a  y:: ®

an increase in housing prices in Seafflee major employment uses (commercial, industrial, and major
Ayaliraadziazyao O2 O andigpen 8pice sEK B%OA e Qa I NBI @

Land use drives population shifts on all time scales, from daily commutes to weekly rectedting

GSNY NBAARSYGALFE LI GGSNyaod ¢KS {SIHGdftS t2tA0S 5SLJ
population grew by 18% every weekday to approximately 842,000 pebpleever the percentage has

likely decreased since the COMI®pandemic.

{SFGGfS A& K2YS G2 (GKS NBIA2YyQa o6A33Sald aLRNIa |y
In 2017, the Port of Seattleeported that over 1 million passengers came to Seattle by cruise ship,
generating over $500 million in business revenue. The activities located on this land use contribute
GK2dzal yRa 2F LIS2L)X S G2 {SIFddGtSQa o (SINFesBfyay.s (2 dzNJ
With about 9,000people per square mile, Seattle seems to be in transition from a lower density city like

Atlanta, Portland, or Denver, dominated by single family neighborhoods, to a higher density city like

Vancouver BC, San Francisco, and Boston. The former citiebdtaneen 3,500 and 4,800 people per

square mile; the lder cities have between 14,000 and 18,008e highespopulationdensities occur in
{SHGatSQa .Stti2e6ysx /FLAG2T | Aff 3 oOveNBpeodlendért > | yR
acre in someensuslockgroups’

/[ 2Y LI NRy 3 {f8nilyiaiebisSvdrathose dtBdston and San Francisco reveals different
development patterns. More people living in mefimily residences in Seattle live in big complexes
than in Boston and San Francisco, which have whole neighbds of smaller, 3 and-dnit buildings.
This development gives Seattle a steep density gradient from -fantiily to singlefamily areas. The
implication for emergency management is that the number of residents who may be affected by a
disaster can vargnore over short distances.

2 aKAYy3d2y {{dFrG6SQa DNRguGK alyl3aSYySyd !/ ¢ oDa! v Kt

GMA stresses putting growth in already developed areas to prevent urban sprawl. Seattle has

responded to the GMA with a Comprehensive Plan in 1994. In 2025 drfafigblan, thea | € 2 NDD& CA Y | €
Recommended One Seattle Plat & NXt S aSR® LG Ay Of dzRSa OKlFy3Sa (2
enable more housing options. A major goal is to locate housing, jobs, and stores near each other to

reduce the necessity of car use. TableAppendix Ashow what percentage of these areas fall within

mapped hazard areas (e.g., landslide prone).

Transportation
{SIGdtS A& 28Sa0GSNY 21 aKAy3G2yQa GNIyaLRNIFGAZ2Y Kadz
Ao {SHGGESQa agaidsSy Aa | O2YLX SE aeadsSYy 2F &dNFI

inside the region as well as in and out of itisTéystem must balance the needs of many different user
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FigurelO. Land Use
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groups. Contention between passenger and freight transport (e.g., freight trains crossing busy streets)

and between passenger transport modes (e.g., between car and bicycle) is one of the major challenges

facing Seattle today. THeeattle Transportation PlaidzA RS & G KS RS@St 2LIYSyd 27F { €
system. It contains more data and project details than contained here.

A healthy transportation system éssential to a healtpcity and effective disaster response and

recovery. Without transportatiorS Y SNHSy O ONBga OF ¥yQa iRBBAaK OLIg RN §S
resupplied, andvorkers can get to their jobJ.ransportation has become even more critical for

emergency response because more and more essential workers are living outside of Seattle due to rising
housing costs in the city. During recent snowstorms, staffing for critical has been a major challenge

because support siff live far from their jobs

The transportation system directly affects the ability to move critical resources (including pdaple)
first few hours after a major disaster strikes significant number of employees face long commutes or
must cross vulnerable bridges. In major disasters, siatéfederalbssistancés important, but it may

be difficult to bring in outside help if the transportation system is heavily damaged.

The COVIR9 pandemic led tonassive changes in transportatiavith the rise of remote workthe
growth of delivey services, and a decline imon-essential travelThe recovery from COWD is still on
going and it is too early ttell what shifts will bgpermanent,and which will baemporary.In 2023,
285%2 T { S { (siwSrked fromtiNg IS 2019 the percentage w86

Passenger Transport

Passenger transport is the movementpafople for all purposeke commutingpersonal business, and
leisure Having transportation options is good for disaster resilience because it provides redundancy.
Nearly all local trips iBeattle rely on its rightf-way,which occupies 26% of SeattiWhetherpeople
drive, walk, or take the bus, they are using the rightvay. Ensuringt stays accessible is essential for
resilience Nationally,45% of trips are for shopping or errands, 27% are scaia 15% are commuting.

The US Census Bureau collexisymuting dataThefollowing table and chartdom the US Census
Bureau American Community Sunaympare commute tripin 2019, prepandemic with 203. They
compare results for Seattle residents witie Seattle metropolitan area and thvehole USThe results
areshown inTable 61t showsshiftsaway from public transportation and towards telecommuting

ThePugetSound Region Councibnductsa Household Travel Surysevery two years. Theare smaller,

but more canprehensivethgyg G KS | { [/ Sy adza . dzNFBrenaS dce@siryey dzi A y 3 & dz
(PDF) is from 202& shows thatin the greater Seattle arethe percentage of tripgnade bycar vary

from 61% among théowest income householdsinder $25,000) tdnigh of 89% fomiddle income
households$75,000 to $99,000§*

Table6 US Censu€ommue to Work by Mode??

Seattle city only King County United States
Mode 201¢ 2023 201¢ 2023 201¢ 2023
Worked from hom 7.9%  28.5% 524 24.0% 5.7% 13.8%
Public transportatio 25.1% 142 14.% 8.0% 5.0% 3.5%
Drove alon 456 38”4 60.2% 53.2% 75.9% 69.24
Carpoole 6.8% 6.0% 9.6% 7.7% 8.9% 9.0%
Walke( 10.7 8.5% 5.2% 4.5% 2.6% 2.4%
Bicycls 3.7% 2.7% 1.7% 1.2% 0.5% 0.5%
Taxicab, motorcycle, or other mei 1.3% 1.4% 1.1% 1.3% 1.4% 1.5%
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Personal Vehicles

Personal vE A Of S& R 2 Y Jsyffacé Banspdstatidnbut 2896 Seattle households do not have
access to a cd¥ Before the pandemic nearlyalf of Seattle residents drove alone to woFar the

whole metropolitan area that total climbs to nearly 700k0st non-commute trips are &lo taken by car.
Reducing car dependency has been a maijdnlip policy goal. There is no consensus meafrear
dependencyA carinsurance industry analysis used Federal Highway Administration and Census Bureau
data to rank US metropolitan areas on car dependence based on 4 mBgitause Seattle hdmwer

annual miles driven per driver and vehicBzattle wasanked theleast dependent metro area in tHgS

but remains car dependerft Running conter to this finding is &eattleTimes analysis shamg that

Seattle has more cars per capita thamy other major US city except Long Be#chheWalk Score

service that ranks areas according to the abilityto actdf A 8 K SNNJ} yR& A GK2dzi + OI
scoreof 74A & & = S NE which i veriga@odl iittanksbelow denser cities like Boston and San
Franciscd®

The number of electrigehiclesin King County is growintn January 2025, King Couritgd 113,16 Vs
registered. While better for the environment, EVs pose some challenges dumeagyencies. During
power outages, theP | y Qi 06 S OKI NH SAtEr sauib dsdetefs yebpleyhave relied o &ar
radiosfornewsL ¥ G KS 9+ A & yi®déthaOr&sbuNEESuke le8sdikélp thdh gas powered
cars tocatch fire, but if they dowater runoff used to fight the fire can bdeghly acidic’

Transit

Seattle has a ralst transit systenbut the COVIEL9 pandemic reduced ridership dramaticallg.2019

26% of Seattle residentommuted by transit. In 2021 it was only 6%A Yy 3 / 2 dzyauedagea S N2 Q&
weekday boardings dropped 75% from February 2020 to April 20@0slowly recovering as of 2023

a S i NRBbfuaryaverage weekday boardings in 2023 are 42% of thoBelimuary2020.SoundTransit

isfaring better. Ithas about 70% of its preOVIBLY ridership/ 2 Y'Y dzi S { S ( (G 6h8WB& HAHH 2
that the decline in transit use is mostly due to people shifting to remote work. As companies bring more
workers back into the officeverallridershipfor all Seattle metro aredransit providershas been
increasingbutin202B¢ I & adAff 2dzald m> 2F HAMPQE NARSNEBEKA LD

Several organizations offenodels that measure and rank transit systems.yrage somewhat
subjectivebut offer insight intosystems beyond simple ridership numbéfgalk $ore ranks Seattle

0 NJ y a A O whilelAlITHIBS2 RaBefit 12thased on system connectivitgccess to jobs, and
frequency of servic& Redfinplaces Seattle7between Chicago and Baltimore in cities over 300,500.

Transit modes in Seattle are a mix of bus, vanpool, rail, and ferry systems. Buses have the largest
NARSNEKALID ¢KS (g2 oA3T3Sald FtSSha NBE NHzy o0& YAy?3
and Sound Transit (operating between Pierce, Kind,2mohomish Counties)ogether thewo systems

averaged 365,000 boardings an average weekday.

Paratransit (mostly vanpools and vanshares) is also popular in the Seattle area, with a combined yearly
ridership of about 3.5 million. Microsoft runs its own bus fleet, the Connector, to bring employees to its
Redmond campus.

The Seattle Department of Transportation (SDOT) also operates two streetcar lines in Seattle. One in the
South Lake Union area and the other in First Hiletwo combined have aveekday averageddership
of 4595persons®
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Marine

Ferriesplaf Y AYLERNIFy G NBES Ay {SrHddftSQa LI aaSy3asSNI dNF
ferry system in the United State&s a systenhad an annual ridership of nearly 25 millior2i018 with

the biggest share in the routes in thedtle area. COVHD9 reducedthe total downto 14 million in

2020, or 57% of th2018peak.Ridership isecovering buis not back to preCOVIEL9 levels.

Excluding passenger only ferri@hichhave a smaller ridershipodir routes dock irthe Seattlearea
Twodocksin downtown (SeattleBainbridge, Seatti®remerton) and one docks in West Seattle
(FauntleroyVashon). The Edmond<ingston ferry, while outside the city, also serves Seattle residents
and workersThe biggest COVI® ridership declines were tise docking in Seattle

Table7 Seattle Area Ferry Annual Ridgrip

Seattle Area Ferry Annual Ridership (millions)
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=@=Scattle/Bainbridge=@=Seattle/Bremerton

Air
Seattle is served by four airports:

i SeattleTacoma International Airport
1 King County International Airport

1 Renton Municipal Airport

9 Paine Reld

Most commercialpassenger air transport is through Seattle Tacoma International Airport (SeaTac)
located south of Seattldt ranks as the 1"Lbusiest airport in the U.&.In 2024 SeaTac set a record with
52.6 million passengers with a forecast for further growth in 282%eaTac is a vital link for residents of
Western Washington who lack another major commercial hub nearby. The next closest hubs are
Portland and Vancouver, BC. King County International Airport (Boeing Field), located just outside the
city limits handles amaller number of passengers from small carriers, charters, and general aviation.
Paine Field, about 25 miles north of the cliggan commercial flights in 2017 but the number of flights

is far smaller than SeaTarhe region has two other airports that can handle large aircraft (important
during large emergencies). They are Renton Municipal Airport and Joint BaseMaisrd.
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Figurel2. 222 Traffic Flows
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Ralil

Passengers use Amtrak for ledigtance travel and Sound Transit commuter rail for short tSmind

Transit is covered in the Transit sectiéimtrak operates three routes in Seatteit of King Street

Station Most significant ishe route serving the corridor between Vancouver, BC. and Eugene, OR. The

other two are Seattle / Chicago and Seattle /Los Angelgs. HnHu X {SIFGGfSQa YAy3 {1
opTZcpH LI 3aSy3aISNBRZ Y2NB (KIy R2dzofS SAnumQa G201 f

Freight Transport

Freight is essential for Seattle to support the economy and to supply goods for residents. Thel@OVID
showed the importance of supply chain. Many of the supply chain problems were caused by
transportation problemsWhile many of these occurred outside Segtthur local freight networkan

keep goods off shelves and exports and imposfidriving the local economin 2016, the City of
Seattle adopted &reight Master Plawhich is an excellent resource for in depth informationtba

current state of freight mobility and its future.

Among metrgolitan SeattleTacomaBellevue metropolitan area itself wa€" amongU.S.metro areas

foreign tradewith the transportationequipment accounting for the bufk. Large quantities of goods

move through Seattleailyand the freight system reflects these movements. Freight systems require

complex intermodal integration (e.g., ship to truck to rail to air). The look of this integration, in turn,

depends on the type of commodity being transported (e.g., aircraft partgnain). Seattle has built

intermodal networks around the container, bulk cajgoy R ANJI Ay GSNXAYyIlI fa 2F (KS
Marine Division and around the two airports serving Sea8kaTacand Boeing Field

{SFGGfSQa YINARYS OFNH2 GSNXYAYIlIfa YR NIXAf &l NR& |
completing land uses and passenger transportat®series of docks, terminals, intarodal rail yards

and many designated truck streedsrve the marine busines$rains must go slowly through the many

areas of the city where rail lines cross streets and vehicles must wait for them to pass. Similar

contention problems face trucks on crowded city stre&ow speeds mdye a challenge for

commerce, but tkey improve public safety bgnforcing lowspeedson vehiclescarrying hazardous

materials likethe large number of crude oil trainmssing through Seattle.

Marine

Seattle is home to a diverse port that supports container traffic, bulk cargo, a major grain terminal, and

a large fishing flee The Ports of Seattle and Tacowgerate as a partnership that together is the fourth
largestcontainer gateway in North Americk 202, it handled25.6 millionmetric tonswhich was

down from30 million metric tonsn 2019. Despite the overall decrease, the 2024 amouiatris

improvement over 2023% Most incoming goods are loaded onto trains and shipped to Chicago.

Capacity is an emerging issue for many ports. In many cases the ground and intermodal transportation
AYFNF &a0§NHzOG dzNB & dzZNNB dzy RAy 3 (G KS LJ2 Ntles akedexpiséd$o o0 A 33Sa
many hazards: earthquake induced liquefactitsunami,and postlahar sedimentation (a volcanic

hazard).

Air

Air cargas importantduring disaster recovery operations to bring critical supplies intargacted area

quickly. ltoperates differently than marine shipments because of greater time constraihitype of

goods shipped via air differ from those shipped via marine systems. This business depends on timely

ground access to the air terminals for trucks hauling cargo to and from the airpogstherSeaTac

and King County International Airpdrandle85%2 y (1 KS NBIAX2$RAI DRAI DA NBEDI NH2
operations have increased significantly in the past decade.28, ZeaTac handleb8,289metric tons

of cargo, up from 290,653 metric tons in 200He value of this cargo was $24.5 billidhese numbers
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arefar below major air cargo hubs like Memphis, AnchoragelLousville which handle five to ten

times the tonnage as Seattl& 2021 study of regional aviation stated that both SeaTac and King County
International Airport are becoming capacity constrained and will need additional buildings and land for
air cargo®

The biggest constraints on air cargo capacity are access to ground transportation and facilities to park
aircraft. Port businesses are very sensitive to disruption because traffic can easily be routed through
competing ports.

Rail

Two major freight carriers operate in Seattle, BNSF and Union Pacific. Rail is a big component of

intermodal freight transport. BNSF and Union Pacific operate intermodal rail yards to support

transshipment of goods through the Port of Seattle. Intermodsibht makes up most about 75% of

{SFGGt SQa O2YY2RAGASA FTNBAIKG AGK o0dzZ{ 3INIAY &KA
distant second. BNSF operates a maintenance facility in Interbay.

Tracks run along Puget Sound north of Lake Washington Ship Canal where they are exposed to
landslides and storms. South of Seattle the tracks head inland until they pass Tacoma wheggthey
Puget Sound. All the yards are in liquefaction zones. Two lines cross the Cascades. One crosses under
Stevens Pass through a long tunnel and the other goes over Stampede Pass s@ath of |

Pipelines

Pipelines are part of the transportation system. Seattle has one significant pipeline: the Seattle lateral of
the British Petroleum (BP) line running from Ferndale to Portland. The Seattle lateral runs from Renton
north to Harbor Island along the Seattlgy ight right of way. This pipeline transports gasoline and

diesel fuel to a regional distribution center on Harbor Island. About 9 million gallons of fuel are
transported annually through the pipeline. In 1999, the pipeline exploded in Bellinghany Kilfee

children.

Infrastructure

Streets and Highways

Streets are the backbone of Seattle ground transportation system. The public right of way accounts for
2PSNI 2yS ljdzZh NISNI 2F { S G4t Somaity, vdryyitie landNSavaifable f8rO I dza S
the construction of new roadways. Stredts vehicles occupy most of the right of way, it also serves as

LJ a&l 3Sgl&a FT2NJ LISRSauUNAlIya yR 0A0@0fSasr K2dzaAy3
LINEGSOGAGS WalAyQ FT2NJ LR2gSNE 3l a3 eétbandthediestRiNI Ay | IS
0KS Lzt AO NAIKG 2F o1& INB 6KSNB | t24 2F  02YY
Jacobs asserts that great streets make great commurfities.

Seattle has 3,944 lane miles of street pavement excluding alleys. Arterials, the busiest streets, account
for 39% of the total® The rest are residential and industrial. These streets are prioritized for service
during snowstorms depending on traffic volume and transit priority. In 2018, 35% of arterial pavements
g SNBE NI (SR Wl sddfil-DepaitmentoNTEaSspaditétion (SDOT) due to a maintenance
backlog. That is an increase from 26% in 2010. It has no funding to assess the conditicantémain
streets.

{SFGGt SQa aiaNBSia FNB fFAR 2dzi Ay I 3ANAR LI G4SNy
circumstances, hilly terrain, and an irregular shoreline, early designers laid out grids independently of

one another. Streets jog where these gridset. Steep terrain causes streets to meander around

obstacles. Other streets follow old paths (Madison St) or natural features (Lake Washington Blvd) as part
2F { S| G0 f-GeSgnedParksysied. R
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Figurel3. Major Transportation Infrastructure
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Seattle uses several classification systems for its streets. The most fundamental is the designation of a
roadway as an Interstate Freeway, arterial or residential street. The system is designed to funnel
vehicular traffic from lowvolume access streetsthugh progressively bigger arterials (collector, minor
and principal) and finally to the Interstate Freeways.

The backbone of motorized transport is the two Interstate Freewaysa(id 90) and three principal
arterials (S®9, SK20, and the West Seattle Freeway) that have large, limited access portions. These
five roadways handle the highest traffic volumeS.and SP®9 run northsouth and move much of the
traffic within the city. SF20, 190, and the West Seattle Freeway run easist. They feed into S0

and I5 and serve to move vehicles into and out of the city and West Seattle. The area with thet highe
daily traffic volume is on3, just south of the-90 junction, with an annual average daily traffic of
244,973 vehicles in 2028

DespiteNJ Y1 Ay3a KAIK F2NJ 0N} yairld dzactoogestedDegendingdRthe | £ 1 I 0 A
study, Seattle rardd 11" in the nationin 2024for traffic congestiorbasedon the TomTontraffic

index %2 Another rankingoy INRIplaces Seattle Foworstin 202419 Seattle possesses little reserve

capacity.The prolongedlosure of a major roadway shfiraffic onto already overloaded infrastructure.

The closure of the West Seattle Briggdnich reopened in September 2022 aftetven-and-a-half-year
closurerevealed the lack of reserve capacity.

Bridges

Bridges are essential for transportation in Seatilés bordered byPuget Sound to the wesind Lake
Washington to the easflransportation acros®uget Soundlepends solely on ferrie€rossing Lake
Washington relies on two floating bridgeSR80 and 190. Seattle is dividedorth-southby the Lake
Washington Ship Canahd West Seattle is separated from the rest of the city by the Duwamish
Waterway.

I-90 bridgehandled 137087 vehicles on an averagiayin 2023, while SR520 handl&@,9131%
Washington State began replacing the®= bridge in 2012, due to concerns around hollow support
columns that are vulnerable to damage in earthquak&3he new bridge opened to traffic April 2016
andcurrently handles 70,000 vehicles per weekday down from its peak of 96,000 in 2010. The new
bridge was constructed to withstand wind speeds up to 89 mph

The Ship Canal is spanned by seven bridges (six roadways and one rail). The most importaht is the |
Ship Canal Bridgevhich handld an annual average df97,092vehiclesin 2023.1% It would be

catastrophic for transportation if this bridge went out gdrvice for an extended periodhe next

busiest, the Aurora Bridge, handles just a fractioarmtinnualized average 80,630vehicles peday in
2023197 The four remaining bridges are bascule (draw) bridges that were built between 1914 and 1919.

The Duwamish is crossed by two bridges inside the city limits and two more just outside the city limits.
The two inside the city limits combined handieer 225000 vehicles per day5land East Marginal Way
both cross the Duwamish just south of the city.

Utilities

Utilities provide a public service: power (gas and electricity), water, communications, solid waste
management, and seweBeattle has a mix of publicly and privately owned utilitigflities make urban
life possible, but they come with hazards that must be managiitity hazards include downed
electrical lines, water main breaks and gasd steam pipe explosions. Often these hazards can lead to
long duration outageand endanger lives in extreme cas€bese hazards are covered in Beilt
Environment Failureshapter later in this document.
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Electricity

Electricity in Seattle is supplied by Seattle City Light (SCL), a publicly owned utility that is part of the City

of Seattle. Unlike many other municipal electric utilities, Seattle City Light has its own generation

facilities and transmission system. foduces about half of its own power and purchases the rest. The

largest outside provider is the Bonneville Power Administration (BPA).88ver 2 ¥ { / [ Q& 3 Sy SNI |
power comes fronhydroelectric dams othe Skagit River (North Cascades) and the Pend ORiis

(northeast Washington}?® In 2@3, they provided electricity td19,601residential and0,779

commercial customerin a service area #t includes all the City of Seattkae cities of Shoreline, Lake

Forest Park, Burien, Normandy Park, SeaTac, TulawdsRenton andwo areas of incorporated King

County south of the Seattle city limits.

It owns2,330.9 miles of distributiohines,some of whictcarry power from hydroelectric dams to

Seattle. These lines are exposedctxards like wildfires, landslides, avalanches, and other hazards that

do not affect theCity of Seattle itselfThese hazards are covered in the Power Outage chajitag

with links tosourceghat cover these outside Seattle hazards with more depth than can be provided

here.

{SFGGft SQa KSIF@ASad St SxemNmidng§inclidhdeReof Sea@€ toNding y (1 K S
units, have electric heat® Because of the heavier usemirchased power in the winter, Seattle is more
vulnerabletoNB IA 2y [ f LI 6SNJ 2dziF 3Sas &adzOK | a 2yS Ay .t Q
{SFGGfSQa YAfTR adzYYSNI Of AYFGS NBRdzOSa (KS RSYIlI YR
L2 g SN {SIGdfSQa adzy YSNJ S YLISNI (i dzhdd with It tNeBumbax2 2 SO S
of units using HVYAGrom 2013 to 202the number of housing units with air conditioning has risen

from 32% t063%1° This rise creates financial risks for 8€tause it will have to buy more power on

the open market without a guarantee that it carcrease rates to pay for it.

{SIHGGf SQa dzaS 2F KERNBSESOGNRO LRS6SNI YI{1Sa GKS OA
mountains. During years of low snowpack SCL must purchase more power from BPA and other

providers. Climate change may be reducing the Cascade snowpack. Thiis emdjor concern for SCL.

Natural Gas

Natural gas is provided tdb0,000customers in Seattle by Puget Sound Energy (PSE), a private,
regulated utility.Because natural gas contributes to climate change, in 2021 the City of Seattle banned
the use of natural gas for heating in most new constructiime US Censssirveys households about

their main source of fuellThe number of households heated by gasreasedrom 112,514 ir2011 to
122,352 in2021 butmeasured as percentaget was adeclinefrom 40%to 35% !

No natural gas is extracted in Washington State. It is imported in about equal amounts from Canada and
the Rocky Mountains through the Williams Northwest Pipeline running through the eastern edge of the
Puget lowlands. Spur lines take gas through RentohLynwood to a distribution system feeding

Seattle from both the south and north. There are no transmission lines through Seattle. Most of the
distribution system is buried and was built after the 1950s. Original pipes were cast iron; they have all
been eplaced by more flexible steel or plastic pipes that perform better in earthquakes.

Water

{ S I GdrifikiBgWater is provided by Seattle Public Utilities (SPW)itaof Seattlelepartment SPU

controls supply, transmissipand distribution of water within the City of Seattle and wholesales water

to water districts in King County. SPU provides water@arillion people in the regioA!?Nearly all of
{SIFHGGEtSQa o1 GSN)I O2YSa FTNRY (G¢2 ¢ (0 SNavikwa Ay GKS
g GSNBKSRa 3 A &Gpaly resfidndeAbduti@cihirds bf thé supply comes from the Cedar
Riverandongl KANR O2YSa FTNRBY GKS ¢2fld wAQOSNY 2Stfa LINRO
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The totalyield from the combined system 1g17.3million gallons per dawhich is down 1% from

2021 A 1S St SOGNARO LRoSNE {SIF{iGtSQa 61 GSNI adzllLx & A3
mountains. Unlikeslectricity, it is more difficult to obtain water from distant sources. Most of the

system is gravity fed which means most customers can use water when the power is out.

Per capita water consumption has been dropping. Total consumption peaked in the late 19808tear 1
million gallons per day. Nofv t | cCséoners usel20million gallongper day despite the population
increasing by over 1 million people. The meausef the decrease were the 1992 drought that led to
higher water rates, a revised plumbing code, and improved conservation. Demand for water is highest in
the summer with peak day consumption averaging around 200 million gallons pét*dde drop in

demand is being threatened by more frequdngh summer heafThe last few years produced an uptick

in the number of gallons consumed per day.

Drainage and Wastewater

Seattle Public Utilities (SPU) manages wastewater and drainage systems in Seattle. Seattle has three
types of systems to move, or convey, stormwater and wastewater: a combined sewer system, a
separated sewer system, and a partially separated system, eaghiog about onehird of the city. In a
combined sewer system, wastewater and stormwater travel in the same pipes to treatment plants. In a
separated sewer system, wastewater and stormwater travel in separate pipes. Wastewater is conveyed
from homes andusinesses to treatment plants. Stormwater is conveyed through a separate drainage
system to drainage outlets. In a partially separated system, wastewater from inside homes and
businesses, and stormwater from roof gutters and downspouts are conveyed gathe pipes to

treatment plants, while stormwater from streets is conveyed through a separate drainage system to
drainage outlets.

The King County Wastewater Treatment Division (WTD) operates the West Point treatmentquiant

2F GKS [/ 2dzyieQa (§KNBS NI I mnaddioh to folr doinSined séveNI G NB I+ (Y S
overflow (CSO) treatment facilities within the city of Seattle tiredwastewater trunkline system that

serves Seattle. The majority of wastewater collected from within Seattle is treated at the West Point

plant.

During heavy wet weather conditions, the combined sewer system can be overwhelmed with
stormwater. When the system is overwhelmed, the untreated mixture of sewage and stormwater
overflows at designated relief points called outfalls; these events are kissvaombined sewer

overflows (CSO). While this helps to keep combined sewage from overflowing in streets or backing up
Ayli2 K2YSa |yR odzaAySaasSazr Al O2yGNRO6dziSa L2t dzia
In the late 20th century, Citied and Countyted infrastructure programs worked to address CSO
problems in Seattle. Despite this work, combined sewer overflows remained a significant source of
pollution to local waters in this century. In 2013, the Gityeattle, U.S. Environmental Protection
Agency, U.S. Department of Justice, and the Washington Department of Ecology signed a wastewater
consent decree that detailed specific actions for the City to take to reduce combined sewer overflows.
King County Watewater treatment division also signed a wastewater consent decree to address their
combined sewer overflows.

{t) KIFIa Ay@SadSR ty2ad bm oAfttA2Yy Ay {SIGdf SQa
2008. From 2012024, Seattle significantly reduced CSOs when measured by both frequency and
volume. From 2010 through 2017, SPU built four large statiages along Lake Washington. In 2019, we

began construction on the Ship Canal Water Quality Project in partnership with King County Wastewater
Treatment Division.

Q)¢

During heavy wet weather conditions, the drainage system can also be overwhelmed with stormwater.
When high intensity storms occur, the drainage system can also reach capacity causing urban flooding.
Seattle had 166 CSO events in 2623\ live map of CSO statisavailable from King Countyewer
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Figurel4. Major Utility Infrastructure
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systems must be engineered to prevent the buildup of explosive gases like methane. Sewer gas
explosions are very rare but can occur if gas leaks into them. In 1981, illegal dumping in Louisville caused
a major explosion that injured four people and causeitlions of dollars in damagg®

Steam / District Energy

District energy systems produce steam, hot water or chilled water at a central plant and then pipe the
water or steam to buildings in a district for heating, hot water and air conditioi@egirio Seattldeats
approximately 166 buildings in downtown Seattle and First Hill, including many hospifete

University of Washington also runs a steam system for many of its buildings. Three major Seattle
hospitals use steam to sterilize equipment and provide humidification. Loss of steam to hospitals can
create an infection control emergency and could coomise patient safety if the outage is lengthy.
Cerllrio Seattle generates its steam in power plants on Western Avenue. One is near Pikiel&leet

and the other is near Yesler Way. In 2009, they built a new boiler thaskwood waste and reduce
carbon emissions. While district energy systems have many benefits and high reliabilityusidye
managed well to prevent accidents like the 2007 New York steam pipe explosion. The plant near Yesler
Avenue is vulnerable in earthquakes because it isalthat can liquefy in an earthquake.

Teleommunicationsand Internet Access

{ S Gtéldc@ninanications infrastructurmirrors national infrastructure Access to information and
telecommunicationss largely @er the Internet. This dependence mal@as community highly sensitive
to Internet outagesEven 10 years agajarge percentage of the papation had multiple ways to get
information and contacfriends and familyNow nearly all communication travels through the Internet
and Internet outages cause information blackouts.

The leading cell providers afel&T Mobility, Verizon, andNlobile. Thelatter is headquartered in
Bellevue, making Seattitss home groundCable franchises are split between CenturyLink,
ComcagtXfinity, andAstound Localgovernments including the City of Seattlean issuavireless
emergency alert§WEAWwhichare brief messageabout imminent dangerso cell phonesn targeted
areas.The City of Seattle also hAtertSeattle an optin mass alert systerto compliment the WEA
system.

Over 95% oSeattlehouseholdshave a broadband Internetonnection available to therand over98%
have a computerThese overall data concedikparities Only 82ofor the households mmaking under
$20,000 per yeahaveaccess to the InterneB6% of Seattle residents havesmartphoneand 91% have
a cellular data plaA*®

The number of households with lamat phones has been decreasifidhe Center for Disease Control
estimatesthat only 19% of houselds nationally have access to landlines. They ddawedata for
Seattlespecifically bugiven that Seattle has a higher ratesphartphoneadoption tha the rest of the
U.S, itisprobabk that even fewer tha 19% of households in Seattle have landlit€s.

More and more people are opting to end their traditional cable service and instead consume television
through internet streaming services such as Netflix and Huia.two largest cable providers are

Comcast witl98,000 subscribers amistoundwith 5,000.Nationally, only about 10% of the population
digital antennas to watch televisio?

Traditional broadcast systems remain important, especially in emergencies. Broadcast radio is the oldest
of the telecommunications services. It is also one of the most important because it requires only a
transmitter and receivers.
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Media

Mediaplays an essential role neducing hazard impactshether t is traditional media or social media

Most Americans use multiple devices to cheekvs,and they check throughout the da@ver half of

Americans, 8% prefer get news frondigital devicesand third, 2%, prefer get news frontelevision.

Radio and print trail witl6% and4%. Thepercentage of Americans who consume néwg 2 YSG A YSaé 21
GhF¥liSyé¢ KI & RSOf A Y&BrmsiThe/ridSof secimhnredid a®aNdwis Boulce wias one

2T GKS 6A3 OKIy3aSa RdANAy3I G4KS Hamnad Ff2y3 gA0K (K
get news from social medigt

TextBased Print/Online

azald 2F {SIGif SQa vy Sacanmuinatiis Nprintkahd®RineSbalihe®BhReser V i 2
sources often have detailed reporting bazard related issues at the local level. They range from the
Seattle Times, the only remaini&gattlemajor daily general circulation paper teighborhood and

ethnic newspaperstthnic newspapers and newsletters are critically important for reaching vulnerable
communities who may lack access to mainstream media. The vital role played by ethnic publications was
emphasized after a family of five Vietnamesgmedking people died heating their home with a charcoal
burner. Many of these publications are highly trusted by the communities they serve. Seattle now
standardly contacts ethnic media to put out public safety information during emergencies. One

limitation isthat many publications do not come out daily, so response can be slow after emergencies.

Blogshas become popular tweway communication tool at the community level and within affiliation
groups (e.g., trade groups). Examples inclwglev.myballard.comandwestseattleblog.comThese

blogs are both current and relevant at the neighborhood level. Most of these blogs offer Twitter feeds
for mobile users.

Radio

Seattle is the 1" largest broadcast radio market in the U%ln emergencies, live radio catl shows

often become one of the bestays to create a community forum and disseminate informatiéier a
disaster For example, after Hurricane Katrina local radio stations hostethcgitiows to allow members

of the community to question officials, businesses, and one another about the best ways to cope with
the emergency at hand. As more stations become automatatiplay only nationally syndicated

content, this vital community resource shrinks.

The Emergency Alert System (EAS) is a national warning system based in broadcast radio (although it
now reaches other media, too). National, state, local, and weather alerts can be issued. It is used most
commonly for weather emergencies. TWaashington gte plan can be foundn the Washington State

EAS Plan websit&IRO radio 710 AM is tfexderally designatedtation in the Seattle area. Alerts would
start with these stations and propagate to other radio and television stations.

Television

Seattle is the 2" largest television market in the United Stat@&Fourteen local television stations
broadcast here, including affiliates of all major U.S. networks. These stations are all available via
broadcast cable, andtreaming A smaller percentage of Seattle customers use satellite receivers. More
and more people are ending their cable television contracts as most television and news is now available
on the internet either as a stream or in clips. EAS messages propagatevisiteai.

Emergency Services

Emergency Servicesicompass law enforcement, fire protection, and emergency medical serViges.
City of Seattle covers mostnergency services with the Seattle Police and Fire Departments. Seattle Fire
handles emergency medical services as well as fire prote@ither organizationfocated in Seattle like

78


http://www.myballard.com/
file:///C:/Documents%20and%20Settings/McdonaT/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/O20TINY2/westseattleblog.com
https://mil.wa.gov/emergency-alert-system
https://mil.wa.gov/emergency-alert-system

Cﬁls g'f!gg:leof Emergency CITY OF SEATTAHAZARD IDENTIFICATION AND VULNERABILITY ANALYSIS
Management

the Port of Seattle and the University of Washingsmpport some emergency servicésmerican
Medical Response, a private company, contracts with the City of Seattle fdifedinreatening
emergency transport services.

Both the Seattle Police and Fire Departments are facing staffingfab&rBoth departments have plans
to boost staffingThe understaffing is a vulnerability for Seattleeésponding to disasters.

Law Enforcement

The Seattle Police Department (SPD) is the primary law enforcement agency operating within the City of
Seattle.In 2024SPhad 1,054total officers andd33 deployableofficers?* SPD is the largest law
enforcement agency in the Stat&etween 150 and 180 officers are on datythe same time

depending on circumstances.

Other agencies with limited jurisdiction inside Seattte King County Sheriff (public transit),
Washington State Patrol (state transportation routes), the University of Washington Police (UW
property), the Port of Seattle Police (port property) and railroad police (Amtrak, BNSF).

SPD uses five precincts as its basis for operations. There is a police station in each precinct. SPD also
maintains specialty units that operatétywide. They include Special Weapons and Tactics (SWAT),
Harbor Patrol, Canine Unit, Mounted Patrol and a Traffic Unit.

Dialing 91in Seattle first connects a caller with t@®mmunity Safet€ommunications Center. Trained
employees transfer calls concernifige or medical issues to the Fire Alarm Center; they evaluate calls
concerning law enforcement issues and send them to dispatch, as necessa@orhmunity Safety
Communications Centérandled around505707 callsin 20241%

Crime in Seattle haacrease 25%from 36,621offensesin 2008 to45,753in 2024 butis down froma

high 0f50,199in 2022 S G i f SQ& U3 bdowh bolcdnZesfing khesé numbeénto rates is

important. Dividing the number O NA YS&a o0& { St G4t SEardadestididedbiythe y 2 F
Washington Office of Financial Management yields a rate of 5@8300,000n 2024 The rate in2022

was 6572 per 100,000 or a 12.7% decre&wavever therate of violent crime has only decreased 1.2%

for 741 per 100,000 t671 per 100,000%°

SPDOs the lead agency for responding to civil disorder and terrorism investigdtimn2020 George
Floydunrest was a painful angivotal experience for Seattle Poliednich included #orts to defund the
department From 2019 t®2022, the department lost 327 officers. In 2023 in has a net lo§sAfhew
Recruitment and Retention Plan was launcheéhtrease officer numberd.hese declines come as
{SFGOf SQa LI Lidzt | NahyBig eved sEduikeyoifizéra to wark owedirieth negative
effects on officer health and performancé#.

The King County Department of Adult and Juvenile Detention (DAJD) maintaiaduisdetention
facilitiesand one youth facilityThe King County Correctional Facility is the primary detention facility in
Seattlewhile the Kent Regional Justice Cenieprimary forsouth King Countylfhe DAJbandled

15,520 bookings in 2022 he average daily secure populatfoom January 20210 July 2023 varied
between 1,227 and 1,55%taffingshortages arealso a challenge at DAIDAJD now maintainsraetrics
dashboardDetention facilities are vulnerable spaces in disasters.

In Washington State, county superior courts are the court of general jurisdiction. Several other courts
have been established with limited, concurrent jurisdiction. The most impodantt for Seattle is the
Seattle Municipal Court, the largest limitgarisdiction court in the State of Washington.

Fire
The Seattle Fire Department (SFD) provides fire suppression services in the City of Seattle and is the lead

agency for most incidents that involve rescue operati@eattle Firachieved Fire Protection Class
One,a measuraused for fire insurance ratings. It is thaghest rating awarded in Washington State in

79


https://app.powerbi.com/view?r=eyJrIjoiYWRkYTkzMTYtMjNhZi00YWZiLTgwYzUtOWVlMTk3MTc3NGU4IiwidCI6ImVhNjA5N2ExLTUwZGItNDdmMi05ZGZkLTVkYjMwNzY3NDE1ZiJ9
https://app.powerbi.com/view?r=eyJrIjoiYWRkYTkzMTYtMjNhZi00YWZiLTgwYzUtOWVlMTk3MTc3NGU4IiwidCI6ImVhNjA5N2ExLTUwZGItNDdmMi05ZGZkLTVkYjMwNzY3NDE1ZiJ9

Cﬁls g‘;'?igtel';f Emergency CITY OF SEATTBHAZARD IDENTIFICATION AND VULNERABILITY ANALYSIS
Management

100 years and puts Seattle Fire in the top 1% of services in thENdSuccess igaluable because
Seattle Fire is experiencing staffing shortages. In Augusti2828d 1,026 uniformed staff which is 57
positions below the fultomplement of 1,083. It makes up the difference with overtittfeSFD has
between 216 and 220 on dust any given time.

These personnel are divided among 33 fire statid8xf whichhouse one engine companyith the
remaindered housing an engine company plus additional resou8feld also operates specialized
apparatugs! adzYYI NB 2F {SIFGGftS CANBQa NBaz2da2NOSa Aa fAa

In 2022, the number of dispatched responses moved over 100,000 for the first time to 106,453. It was a
12.3% jump from 2021. The increase is being driven by the opioid epidemic. Most calls (74%) are for
basic or advanced life support. 25% of these callevi@ fire. Fire calls have seen a 50% increase in

two years.

Table8. Fire DepartmenResources

Number Resource

33Fire Stations
32Engines
12Ladder Trucks
5Aid Units
2Peak Time Aid Units
8Medic Units
3Health One Units
2Air Trucks
2Hose Wagons
4Fire Boats

1Shared Training Facility

Table9. Fire Department Responses

Change2020 to 202
Total Responses 80,31€ 93,238 10645  111,31¢ 389
Basic Life Support 50,90C 56,20¢ 64,127 66,33€ 30%
)IAdvanced Life Support 10,817 12,35€ 14,681 16,407 509
Fire 18,094 24,25% 27,18C 28,107 55%
Special Operations Not given 361 407 38t 69
Mutual Aid 50& 53 58 84 N/A

Emergency Medical Services (EMS)

{C5 A& {SIFHGGEtSQAa LINAYINE LINRPOARSNI 2F SYSNHSyO& YS
Seattle fire fighters are certified EMTs or paramedics, as well 56 police officers if?208%rovide

Basic Life Support (BLS), SFD maintains five basic life support aid units and contracts with a private

provider, American Medical Response (AMR). AMR normally operates seven more BLS aid units.

To provide Advanced Life Support (ALS) irttifeatening situations, SFD partners with the University of
Washington and Harborview Medical Center to operate the successful internationally recognized Medic
hyS LINBINI Y& aSRAO h \saeaCompareditd dther lafge ddidgacardidc arresd | NR A |
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victims in Seattleare-8 (G AYSa Y2NB fA(1Sfeée (2 adiNDAGSd { St Ghaft S¢
of a hospital is 19.996° Medic One has 78 paramedics and 7 medic units in Sedtflde Medic One
system consists of an additional 171 paramedics in neighboring cities and in King £bunty.

Due to a growing number of people experiencing homelessness and the increasing use of opioids, SFD
has seen an increase in EMS responses. Health One is a new program launched in 2019 that pairs
firefighters with Seattle Human Services Department case nesdg help people in crisis.

Public Safety @mmunicationsSystems

In 2023, he citycompleted a multi-year project to replace itsld 800 MHzradio system with the Puget
Sound Emergency Radio Network (PSERIEpnstruction and updates of radio towers and new
equipment at radio sites and for users of the systessimproved overall coverage and connectivity.

Some City departments, such as Transportation and Seattle City Light operate their own radio networks
to use during a disaster event.

The City also relies on shaxiave radio communications for some functions that require kigpacity
O2yySOilAz2zyas adOK Fa LINJaz fAONINAS&EX yR az2vYS$8 ¥
a fiber optic ring to provide redundancy to teemmunications systent*If a fiber cable along this ring

is cut in one spot, calls can be rerouted the opposite direction and still delivered.

Seattk has an active and robust amateur radio capabliitdby the Auxiliary Communications Services
(ACS)Started in 1993, itonsists of over 150 trained volunteers with Washington SEatergency

Worker certification. ACS volunteers responcttanmunity based@Geattle Emergency Hugditesto

provide communications support®©2 Yy SOG4 { S+ Gif SQad ySAIKo2NK22Ra (2
Center in the event primary communications systems Fait. an overview afadio supportat hub sites

see thisshort videoby the Seattle Channel.

HealthCare and Human Services

{ SI 00t Saraan&hbrhan Selices systems are tightly intertwined. A pphiliate network
provides services ranging frotine basic social safety net to advanced medical treatment.

Health Care

Seattle has the largest concentration of medical facilities and personnel in the Pacific Northitrest

ten hospitals267 emergency department (ER) bedgublic health department shared by the City of

Seattle and King County, as well as integral supporting businesses and diseioeslical laboratories,

research institutions, training centers, and medical suppf&$he rest of King County has an

additionalfive hospitalst KS O2NB 2F { S (it SQa KsewifesardstdilE ae&adsSy
hospitals dominate. Many of the hospitals manage ancillary healthcare services across Seattle such as
ambulatory care centers, oA SNY OF NB Fl OAf AlGASas K2YS KSIFftGK OF N
healthcare facilities serve many patieritem outside the city.

Due to the concentration of many healthcare services within the city limits, Seattle has a very high
number of healthcare workers within its residential population. In a regional catastrophic event, Seattle
would have large numbers of general medical perss available, especially during business hours

when outpatient clinics are operating.

Public Healtlt Seattle & King County is th& fargest metropolitan health department in the United
States. It is a primary provider of local public health services and collaborates with many different
partners through an integrated system of healthcare and public health services.

Public Health; Seattle & King County focuses on three major functions:
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9 Health Protectiorg Tracking and preventing disease and other threats; regulating dangerous
environmental and workplace exposures; and ensuring the safety of water, air and food.
9 Health Promotiorg Leading efforts to promote health and prevent chronic conditions and
injuries.
1 Health Provisiorg Helping ensure access to high quality health care for all populations.
In Washington State, the Local Health OfficEPublic Healtly Seattle & King Countyas wideranging
authority to control public health emergencies. Powers include the ability to quarantine people, close
schools and other public institutions and take other measures to control health risks. This considerable

authority has been used withstiretion. The Washington State Secretary of Health can act in lieu of
local health officer under limited circumstances.

The regional healthcargystem is coordinated by thHéorthwestHealthcare Response Network
(NWHRM) Theyare responsible focoordinating patient tracking, resource sharing, and operations.
They play a key role as a neutral paetsuring that multiple healtieare networks which are
competitors during normal times, can operate asgréafied whole during emergencies.

The healthcare systeims strainedpost COVIEL9. Typically90% of all ICU beds are occupied vetime
facilitiesconsistently at 100% occupandyhe two leading causes are chronic staffing shortages and the
difficulty in discharging patients whap not have a safe place to ¢¥&.

Human Services

{SFGGlf SQa dedpraddfessesIieddsiOreeds of the most vulnerable members of the

community. Itis a network of government agencies, pprofits,F Y R LKA f I YGKNRBLASad { St
Servicedeadsthis coordination for theCity of Seattlelt partners with and invests in many (but not all)

2T GKS OAGeqQa t20If y2yLINRPFAG FyR O2YYdzyAGeé LINEIN
youth for success, supporting affordability and livability, addressing homelessness, promoting public

health, responding to gendebased violence, and promoting healthy agifige department reaches

many people with over 2 million community mealsd 326,728 medical/dental visiserved to low

income and vulnerable population36,145 peoplenrolled in the Utility Discount Programnd 7,294
survivorsreceived domestic violence, sexual assault, and/or gedhdsed violence servicéd

¢KS NIy3IS 2F ASNBAOSA LINPOARSR o6& {SIFHOdfSQa Kdzvyly
the issues concerning the sector cluster around providing the following for all members of the

community:

Food

Shelter

Personal safety

Access to healthcare

Access to training and education to learn job skill

A supportive community environment

Access to culturally competent services

{SFGGt SQa KdzYly aSNIWAOSa asSoilz2-publia@g. Cealedohsng R 2 F K
Authority) and private organizations. These diﬁgr SO greatly is size, resources, scope, and cqpaci:[y that it

is impossible to make general statemens2 dzi | GuUueLIAOFft ¢ 2NHEBIFIYAI | UAZ2Yy D !
out due to their size and scope of operations. They include the Human Services Departments of Seattle,

King County, and Washington State, the Seattle Housing Authority, and large nonprdfigssuc
American Red Cross, Salvation Army, and Catholic Community Services. Seattle is also home to many

=A =4 =4 4 4 -4 -4
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Figurel6. Human Service Facilities
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foundations that do not offer direct services but supply funding to providers. In general, government
agencies do not provide direct services and rely instead on a network of nonprofit organizations.
Funding for these organizations is provided by governngeants and contracts as well as donations
from individuals, corporations, and foundations.

The effectiveness of human service delivery after a disaster depends on strong linkages between the
community and the organizations supplying the services. Often it is the smaller organizations that have
the strongest ties to the community, but many of theare not prepared for major disasters and often

lack viable continuity of operations plans that allow them to remain in business after a disagtee

16 shows the distribution of human services facilities.

Following a December 2006 Windstorm, the United Way convened a task force to examine the response

2F Y2YLINRPFAG KdzYly aSNBAOS F3ASyOASa Ay YAy3ad [ 2dz/i
region is not prepared to deal with the impact on vulnerable and special populations in a major disaster

S @ S T docal United Way report and many national studies question the ability of nonprofits to

lead human service response after a major event. The human service delivery system is so fragmented

that sharing information is difficult under normal conditionsdampossible given the stress of a

disaster. The reports concluded that nonprofits work best in a complimentary role to governitent.

City of Seattle and United Way King County began a program to helprofits build more resiliet) it

is not clear whether ihas led to permanent change as of 2023.

During many disasters, members of the public spontaneously organize themselves to provide help to
themselves and those in need. These emergent groups often begin operating before official
organizations. Tension can arise between these gqwaups,especially when government attempts to

shut down or control these groups. The most successful responses make good use of emergent groups.

People living unsheltered aieKS Y2 ad @dz ySNIrofS G2 RAaAlFAGSNA® adz
WRdziAySQ tFNBS SYSNBSYyOASa fplahnfigddcodddatity 6 S G KSNI S
emergency sheltering and outreach operations for homeless people. The King County Regional

Homelessness Authority (KCHR&Ahe lead agency for these operatidmgt partners with the Seattle

Human Services Department and mamn-profits and faithbased organizations tprovideservices.

The COVID pandemic was a huge challenge for the human services sector, but also lededhat
growth and flexibilityMany new creative strategies were developédit resources remain a challenge.

Table10. Age Distribution of Housing Stock Reported by U.S Census (2823)

Total housing units 400,166‘ ‘

Built 2020 or later 14,922 3.7%
Built 2010 to 2019 71,731 17.9%
Built 2000 to 2009 48,235 12.1%
Built 1990 to 1999 22,738  5.7%
Built 1980 to 1989 28,328 7.1%
Built 1970 to 1979 24,858  6.2%
Built 1960 to 1969 30,848  7.7%
Built 1950 to 1959 33,863 8.5%
Built 1940 to 1949 93,538 7.8%
Built 1939 or earlier 88,134 23.4%
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Figurel?. Historic Districts and Landmarks
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Buildings

Many hazards threaten buildings. Understanding them helps understand risks to the people who

RSLISYR 2y GKSY® ! 062dzi 2yS GKANR 2F {SrddtSQa K2dz
that introduced seismic standards and nearly two thirds ot KS OA G & Qa wmdpdpH dzLJANI RS
O2RSao ¢tKS dlofS 0St2¢ akKz2ga GKS 3S RAAGNAOdzIA2
az2ald 2F {SIFHdGfSQa K2dzaAy3d Aa ¢622R FTNIXYS O2yaiNHzi
The City of Seattle, the Port of Seattle, and Seattle Public Schools have surveyed their facilities for

seismic safety. The City of Seattle has identifieerd,100 unreinforced masonry structures, that are

prone to collapse in an earthquake. Other forces like wind and landslides are accounted for in the

building codeHistoric buildings help define the soul of a cEjgure 1&hows the distribution of these

structures and districts in Seattlglany, especially those that have not been substantially renovated,

' NB @dzf ySNFrofS G2 SFNIKIdzr1Sa FyR 20KSgNdrefsl T I NRa @
located in a liquefaction prone area making it especially vulnerable to earthquakes.

Summary

Cities have a different hazard exposure profile than rural areas, suburbs, or small towns. The

concentration of people, economic power, services, political institutions, and cultural life give cities the

vitality to overcome many setbacks. Their comple®vork of infrastructure, services and economic
relationshipsall tied intoa geographic node creates an inherent vulnerabiliyt also avibrancy that

creates a countervailing resilience.

{SFGGt SQa Lzt AO Aa ¢Sttt SRdAzOFGSR |yR NXaz2dzNOS T dz«
infrastructure. For example, as more people live in highs, they become dependent on power to

pump water to their apartments and transport themetevators. Following the 2011 Japanese

earthquake andi n m 8u@eakstorm Sandy, many urban residents had to temporarily move out of their
dwellings for this reasohecause they could natontend with long flights of stairs

Often cities have the capacity to quickly rebound after small and medium sized shockdfbutvhen

an event takes out resources for an extended period. Modern urban life depends on a complex,
interdependent web of services. Loss of a couple of services for more than several days can bring normal
city life to a halt. How longancities function without power and roads? If the services are out for

weeks or months, the result can be an irreversible decline, especialy ¥ G & Q & weFeiétlinidey S a
prior to adisaster
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CLIMATE CHANGE

Climate changésthe biggest environmental threatur planetfaces and itisoccurring rapidly*4°

document focuss on extreme events which constitute a major climate change th@anate change

presents Seattle with many challenges: flooding, summer heat and drought, rising sea levels, heightened
wildfire risk, and declining snowpack. Seattle will also experience indirect impacts. These could include

higher commaodity prices, incread migration and increased economic and political instability a¢chess
globe.Climate change is a factor that may intensify and/or increase the likelihood of certain hazards. Of

the 19hazards considered in this analysis, eight are directly affected by climate change and four are

indirectly affected. Together they represent nearly oK A NRa 2 F { SFGidf SQa KI T I NRz

The @y of Seattle completed_&limate Vulnerability Assessmant2023. 1 provides a comprehensive

look at how climate change will affect Seattlegoes beyond the scope of this documémtonsider

chronic problems over a decadahe scale Complimenting this work ihe Fourth National Climate

| 8448 a achdpigriomibie Northwesivhichsetsou NS 3 A 2y Q& S E LIS NIcéexdS Ay (KS

The physics of climate change hdeenunderstood forover 100 yearsind thefirst evidence was
recorded in 1938Climate change is caused by the buifdlofgreenhouse gasg§&HG) in the

atmosphere GHGs are measurdxy
their warming potentiakequivalentto Key Points
carbon dioxide (C£. As measured bgir

x  4.2°F5.5°F increase in average annual

trapped in Antarctic ice, GO temperature in the Pacific Northwest by the
concentrations were less than 300 parts 2050s.

per million(ppm)over the last 800,000 4 ¢ 56 inch increase in sea level rise by 2100
years.In 1880, Cewas at 29(¢pm. (dependent on land movement). Rising sea levels
Today C@stands at 405 ppma 40% lead to an increased risk of coastal flooding and
increaseUnfortunately, even if the landslides.

world stopped burning fossil fuels Drier summers, with more severe precipitation

tomorrow, existing levels of atmospheric events in other seasons leading to an increased

. - risk of urban flooding and landslides.
GHGS.WOUId continue to contribue to 42-55% decline in mountain snowpack by 2070
warmingglobaltemperatures.

creates water management crlallenges; 5
While reducingCQ emissionss a global {StautsQa ¢gFUSNRKSRa ¢
project, cities, such as Seattle, play an on vangple rainfall than snowmelt. .
important role. In 2020, Seattle emitted 63 additional deaths on average per year linked

. to extremeheat and air pollution.
3,012,800 tons of C@quivalentgases : : . :
NI . A p 2 . Increased risk of wildland fire for both sides of
OSMHj dzA G £t SY U Q YSI ya

) ) the mountainanddegraded salmon habitat.
methane areconverted into their

equivalent C@amounts).61% of the
OA (& Qa DI comeBormiaaditrarssybiation, 3% comes from commercial and residential
buildings, an®% from waste management! (Note: The 2020 totalshow a large drop from 201due

to the COVIR9 pandemicrelated reduction irtransportationemissions) The most prominent GHGs in
the Seattle region are carbon dioxide Z@luorinated gases (e.g. hydrofluorocarbons), methane)CH
and nitrous oxide (pD) 142

In 2013 the City ofSeattleadopted aClimate Action Plarit set a goafor Seattleto reducetotal W O 2 NB Q

carbon emissiosiby 58%from a 2008 baselinby 20, which includghose of combined

transportation, building, and wast@ndseeks tdbecome carbon neutral by 2036 The most recent

2022 Greenhouse Gas Emissitmgntoryshows al2% derease in emissions from 2008 to 2024

CdzNIKSNE GKS {SrdatS /AadGe /2dzyOAt LI &aasSR | NBaz2f dz
Paris Agreement, meaning Seattle will take steps to ensure that future warming is limited td“215°C.
2025,Seattle issued an audit of the 2013 and begaewsionof the Climate Action Plan.
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Direct Effects

Climate change will not affect the Pacific Northwest uniformly. This section outlines what the primary
changesare expected to be for the Puget Sound regibheseprojected changesse emissions

scenariosleveloped by théntergovernmental Panel on Climate ChaffRCC)a LIS OA FA OF f f & Ww/ t
WAIKQ SYAdaairzy &aO0Syl Hdda dif globaberiisSidddBeic@dilecdt Wo dza Ay Saa
significantly the effects will beeduced.TheClimate Impact GroufCIGused the IPCCs scenarios to

develop local projectionsThe CIG is an interdisciplinary research group at the University of Washington.

They provide the most rigorous and comprehensive climate change information for the Pacific
Northwest.Readers are encouraged ¥isit CI@ Climate Mapping for A Resilient Washington

application to explore the data beyond what can be summarized here.

Temperature

The Office of the Washington State Climatologistdragappto showhistoricalchanges in temperature

over time in the Pacific Northwestheaverageannual temperaturdor the Pacific Northwesgtas
increasedhear 2Fsince1900.6 This warming is statistically significant in all seasons except for spring.
The Pacific Northwest climate has a high degree of variability, resulting intehmrcooling or warming
trends that may stray from the lorgrm average temperature increase. For example, there were

cooling trends from 2000 to 2011 despite overall lgagn warming4’ In addition, almost all

temperature monitoring stations show warming, but the rate of warming has not been consistent across
the region

Temperatureincreases ar@cceleratingThe Puget Sound region is projected to warm betweeri.2

and 5.5F on averagby the 2050svhen compareda averages froni970¢ 1999148 The range reflects
the difference between low and high futugreenhouse gas (GH&enarios. ThiPCQ law GHG
scenario(4.2°Fof warming represents GHG emissions continuing at the current rate untomidury

and then decreasing dramatically thereafthre to intentional global reductions in emissiofi$ie high
GHG scenario (5.50F warming represents steady increases in GHG emissions until Bléh higher
warming is possible in the second half of the century, but the magnitude of warming is dependent on
GHG emission¥?

Historical data show that thglobalclimate has also been warming and trends are measurably
accelerating'® Average global surface temperatures rose 1.5°F from 1880 to 20Thereis likely to
be regional variation in the rate global warming

Sea Level Rise

Sea level rise is occurring now. Global sea levelibas8 inchesrom 1900 to 209. Since the mid

1800s, the rate of sea level rise has surpassed the previous two millennia, indicating an accelerating
trend.’>?Vertical And movemengffects sea level risand createinconsistencies across the Puget
Sound region. In Seattle, where the land is subgi(gradual sinking) at the rate of abott.5 inches

per decadethe Seattle tidegauge reveals 8.6 inches of sea level rise from 1900 to 2008, averaging 0.8
inches per decad&?

As with temperatures, the rate of sea level rise is expected to vary over time due to seasonal and
decadal climate variabilitfzactoring in uncertainties in global sea level rise, vertical land movement,
and regional wind and ocean circulation patterns, the projected range of sea level rise for Seattle is as
low as 4 inches, and as high as 56 inches by #t00.

Sea level risevorsens seasonal tidal floodingauses coaaterosion especially along bluffs, argn
inundate low lying structures and infrastructurst a global scalet has been linked to worsening storm
surge butthe CIGdid not find clearevidence of increased storm surge in Puget So&tokm surge
needs high winds and high waviesoccur. CIGound that observed trends were ambiguous.
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Seattle has begun adapting to the future effects of sea level rise. For example, in designing its new sea
wall, the Cityof Seattleevaluated its plans against the highest sea level estimates and found that the top
of the sea wall would still be 3 feet above the new mean water level projected in2100.

Water Cycle

How and when precipitation occurs in tReiget Sound region has profound effefdsour

communities{ S| { ( f Supplyand polved Hdtemare dependent on Cascade Moaitt snowpack

stored up over the winter and leaseal as melting water in théate spring and summeduring our drier

months With warmer temperatures, more predtation will fall as rain and immediately run offstead

of being stored as snowlhe Cl®rojectedthat the Puget Sound regiowill experience alecrease in
showpackPeak snow accumulation and snowmedrived streamflow across the West have shifted

earlierwith more precipitation falling as rait¥® Snowpack in the Washington Cascades has declined by

25% since the mid900sandthed G F 1 SQ& f 1 &G NBYI Ay A P8 AdcrageSpriSgNE | NB
showpack in the Puget Sound is projectedieclineby -42% to-55% by 2070 to 2099 (relative to 1970

1999, for both low and high GHG scenarit$).

Due to the decreased snowpack and earspring melting, streams that rely on snowmelt are projected

to experience peak streamflow earlier in the year, and for some rivers, dry years are becoming drier.
{SFGGt SQa o6l SNEKSRa gAfft 0S02YS Y2NB NBtAlLyld 2y
projected to increase by 28% to 34% by 2080, while summer streamflow is projected to decrease by 24%

to 31% by 208@°° The increase in winter streamfloincreasethe risk of flooding in low lying areas

along the Duwamislespecially the South Park neighborhood.

Overall, heavy rainfall events are expected to become more severe for Washington State, but it is likely
that the average annual precipitation will continue to be determined by yearly variations. The number of
days with more than one inch of rain is estieg to increase 6% to 20% by the 2050s (relative to X971
2000)%1 The estimated changes in annual precipitation are smaller, betw&¥nto 14% by the 2050s
(relative to 195Q; 1999)2While projections of seasonal precipitation are mixed, most models point
towards drier summers. Water demand in Seattle is only expected to increase 0% hyikely

offsetting some impacts, but the effects of heavier rainfall on stormwater management could be
costlier63

Air Quality

While some progress has been made in reducing emissions in Seattle, air quality is expected to decline
due to increasing air temperatures, longer periods of heat, and drier summers. These factors have the
potential to increase grourdbvel ozone and fineagrticulate matter accumulation. Summer deatis

the Greater Seattle areattributed to ozone are projected to increase to 132 per year by 2050, up from
69 per year from 1997 to 2006 Since 2017 Seattle has experieneegtincrease in thérequency of

wildfire smoke Nationally, climate change is projectedittensify wildfires and with them, smoke.

Hazardeffects
Climate changwill intensifymany of{f S+ GG f SQ& KIFTFNRaY flyRat ARS&asE RAZ
failures, power outage®xtremeheat events, weatherelated hazardsandwildfires.

Biological Hazards

dimate change brings with it a host négative health impacts froimcreasecheatstroke, dehydration,

pollen allergies, and cancerriskl y& 2F (GKSY gAff 0S5 tiygeNRtvdid ol INROof SY
{SFGOf SQa SYS NByStgfmbawilMeey lo BeSad&egséd with enhancementsotar

everydayhealth system.See the City of Seattlélimate Vulnerability AnalysiBDFfor more on chronic

hazards.
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Climate change will bring complex, acetésesthat will needa collaborative emergency management
approachWarmertemperatures will bring more mosquitoes, ticks, and fleas into the Seattle area and
with them Lyme disease and West Nile vilagngal diseases liléryptococcus gatind Valley Feve
(coccidioidomycos)ghat were previously limited to the tropice now found irthe Pacific
Northwest % TheOregon Health Authority recorded spikesSalmonellandE. colicases during
extreme heat in 20189ncreasing watetemperatures willead toincreased harmful algal blooms that
contaminate shellfishA 2022 study of 375 human pathogenic diseases found that over half,a88,
made worse by climatic hazards while 16% improt®éd.

ExtremeHeat

Averageemperatures in the Seattle area have increased byFAfrom 1950 to 2023 By the 2050s,

UW Climate Impacts Groygojects that temperatures on the hottest days in the Puget Sound area will

increase by 6.9-on average'®® Of special importance for emergency management arenilvaber of

SEGNBYS KSIG RIea FyR (GKS RdzNI (Curgestly, Kifg CEulty kas &S O3Sy G a
median of 9.5ays over 9¢F Underthe highemissions scenario (RCP&Hgt number is projected to

more thandoubleto 20.1between 2040 and 205%Vith extreme heat, duration matters as much as

intensity. Three days iskey inflection point. After three days, people without access to cooling begin to
experience ill effects at an increasing rate. The Btsget Foundation predicts thehance othree days

over 86Fwill go fromthe current67% to 86%%°

{SFGGt SQa KSIG ¢ @Sa &Th tompodns ie pioBlemightti2 G G SNJ | yR f 2y
temperatures are increasing faster than daytime temperatures, reducing the relief of nighttime cooling

that many Seattle residents are accustomed fExtreme heat eventare aparticularly dangerous

hazard for Seattle, where thgenerallymild climate makes it difficult for the community to acclimate to

extreme heat when it occurs, and buildings have historically not been constructed to insulate from high
outdoor temperatures.

Heat is not evenly distributed in Seattldreas withfew trees and high impervious surface area retain
heat morethan greener parts oGeattle Often these are areas where poomand marginalized residents
live.

Flooding

Climate changevill worsen flooding eventsSeattle experiences thrdends of flooding: urban, in which

the drainage system mverwhelmed by sudden, intense precipitatiamoastal floodingin whichlow

pressure andhigh wind driveocean or lake water onto shorand riverine, in whicla stream or river
overtopsitsbankd. f A Yl G S OKIy3aS gAtft y2i OKL yvwdl®ondeStdaté (G f SQa |
it in the winter.Manyflooding events are triggered by atmospheric rivarhich are predicted to

intensifywith climate changé’* Higher sedevels can extend the reach and impact of storm sufge.

Lowlying areas fronting Puget Sound could be subject to flooding, especially when winter storms

coincide with high tides.

Infrastructure Failures

Climate change intensifies extreme events that damage infrastructure directly as with heat that
damages bridges and roadrfaces ooverwhelms them as with the casewéstewater andirainage
systems unable to cope with rundseyond their design capacit$ea level rise will have direct
consequences for coastal atmv-lyinginfrastructure: wasteweger treatment, power distribution,port
facilities,railways fiber optic cabls, and roadways
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Landslides

Theoccurrence of sudden water loading on already saturatleges is the defininopdicator for
landslide likelihood in Seattl€limate change will increase thember of atmospheric rivers and
preciptation intensity both of which will contribute ttriggering landslides’

Power Outages

{SFGGt SQa S fhkyierhsed tdlimaietcaigs Nskshekipitation changes will challenge
power generationSummer power demand for coolingill increase The other hazards mentioned here
will threaten electrical power transmission and distribution frtme flooding of substationgo heat
sagging power lines, to landslides undermining transmission towgaich of these hazards increases the
likelihood of power outages-heconsequences of a prolonged power outage during an extreme heat
event isespecially dangerous

Water Shortages

Seattle Public Utilities (SPU) states that existing water resources will be sufficient to meet forecasted
demand until 206074¢ KS LINA Y NBE AYLI OG 2y {t! Qa ¢l (iSNJ aegadasSy
frequent temperaturedriven droughts due to low snowpack and/or early snowmelt that leads to an

extended summer dry season.

Hydropower generation in the ColungbRiver Basin is projected to incredses% in winter and
decreaseiy 12% to 15% in summer by the 2040s (relative to 18989). The same seasonal pattern of
change is expected to occur in the Skagit watershethe long term Seattle City LighSCLwill look at

the potential need to modify operatianof its hydroelectric projectd o be consistent with National
Energy Reliability Council requiremerilhas already adopted a more conservative planning standard
for its Integrated Resource Plan, effectively reducing the amount of generation the utility can count on
from its hydro resources in the future.

Wind

How dimate changeaffects the frequency and intensity @findstormeventsin the Pacific Nohwest is
unclear. CIG partnered with Seattle City Light (SCL) to project changes in extreme wind events and
lightning risk for the future period of 2040 to 2070. The model simulations showed no significant change
in the frequency of extreme wind event& Small increases in frequency were found in mountain

locations but were minor compared to natural variability. Additioreslearchis needed to understand

the projected effects of climate change on extreme wind events in the Puget Sound region.

Wildfire

Wildfires will likely increase in number and size due to climate change. Fire season itself is expected to
length in duration due to higheaverage temperatures and predicted diminished snowpack. This will

lead to drier soils and vegetation, enabling fread and growth. Climate change is furthermore
predicted to alter the historic range and spread of insects and pests, such as the mountain pine beetle,
that can weaken trees and plants, making them more vulnerable to burning. High temperatures and
incressed wildfires across the country may limit and/or exhaust local fire suppression capabilities,
leading to weakened response and further fire spread

Resourcs

Climate change has received wide attention in the Pacific NorthwektS ! y A GSNARAGE 2F 2| &
Climate Impact GroufCIG]Js the leading source for regional specific climate resedtah a frequent

partner for the City of Seattlehich has a number of initiatives to address climate change and are

outlined at https://www.seattle.gov/environment/climatechange
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Seattle Climate Vulnerability AssessmeRitywideLJS N&E LISOG A @S 2y {SIFGdf SQa Of A
chapter citeghis resourceoften.

Seattle Climate Data Portd&rings together multiple datets covering Seattle emissions and combines
them with socieeconomic data to showmpacts.¢ KS aA (S SELJX | Hefatborfiz& 1 GGt $Q& L
transportation, buildings, and waste streams.

Climate Trend Analysis ToBlom the Office of the Washington State Cliolagist. Shows changes in

temperature, precipitationand snow.

BuildngDNE Sy K2dz&a S DI & 9 YA & a Residéntiahahd MuliF@rilyBuildhgsBlioivsS Q& b 2 y
buildings rated by Energy Use Intensity (E&Jiheasure of energy use per square foot.

Climate Mapping for A Reliant Washingt&hows changes in frequency anteimsity for multiple
climate related hazards in Washington
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https://www.seattle.gov/documents/Departments/OPCD/SeattlePlan/SeattleClimateVulnerabilityAssessmentJuly2023.pdf
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https://climate.washington.edu/climate-data/trendanalysisapp/
https://www.seattle.gov/energybenchmarkingmap/#seattle/2021?layer=total_ghg_emissions&sort=total_ghg_emissions&order=desc&lat=47.61&lng=-122.33&zoom=14
https://data.cig.uw.edu/climatemapping/

ﬁls g??i'c:falzf Emergency CITY OF SEATTBHAZARD IDENTIFICATION AND VULNERABILITY ANALYSIS
Management

1. EARTHQUAKES

Earthquakes ar¢ S| G (i t Boatially dadagingazard.Seattle is subject tomfrequent but
potentially devastating largearthquakes from local surface faults ati huge CascadiaiBduction
zone.A large earthquake from one of these sourcesild be one of the worst natural disasters in US
history. Seattleis also subject térequent earthquakes originating deep below the surfddeep
earthquakes happened in 1949, 1965, and .
2001, with the 2001 Nisqually earthquake [RaSARIS

Causing an estimated $Zl billion in damage x Lead agency Seattle Fir@epartment
The Seattle area has an 84% chance of

experiencinganother earthquakdike these x Sea_t'tle has three types of earthquakes:
in the next 50 yeatrs 0 Shallow (€30km depth
U Deep (3670km depth)

What Causes Our Earthquakes? _U Subductior(shallow, but offshore)

{ S| Owvibfsted3&cenarids a strong shallow
earthquake on the Seattle Fault. It would cause
many deaths and injuries, widespread, lengthy
utility outages, and 10s of billions in damage.

Most earthquakes areaused byault-slips
inthe EaNJi K Q & Th&3&atmiriven by
convection irthe B NJi K Q & therlayst off
hot, denserock between thee: NJi K Q &

andcore. On geologicascales it acts like a ¢KS t I OAFTAO bwdistlakes S &
viscoudiquid, and onvectioncause scenarias a major subduction earthquake on tr
Y2@SYSy il Ay (GXSashdta Cascadia Subduction Zone. It would affect an
rises and cool air sinks, hot maatnaterial area from Northern California to British

rises, cooling as it nears the surface. The ColumbiaThese happen every ~3800 years,
cooler material then begins to slowly sink, with the last one occurring in 1700.

which creates a convection cafot, rising
rock pushes plates across the surface of the
earth.When plates collide, the thinner,

denser ocean plate is usually forced under

The most common large earthquakes are the
deep varietylike the 2001 Nisqualbarthquake,
and happerevery~30-50 years.

the thicker, lighter rock of the continent. Largesubduction zone earthquakes happen
(Figurel8 shows theproces$ every 300800 yearswvith an average of 45600

: ears.
As the plates collide amstrape past each y ?rs _ ’ :
other, strain buildsEarthquake$iappen S RzyQu 1y2¢ K2Zg 27FU
when the strain accumulating in rock active. It produced a magnitude5to 7.8
becomes greater than the strength of the earthquake iD23ADor 924 AD.
rock or the pressure keepirigirom slipping. Earthquakes can cause many cascading impac

In the Pacific Northwesthe Pacific Plate is including tsunami, landslides, firggwer
moving northwest and is pushing the smalléd outages,broken infrastructureand hazardous
Juan de Fuca plate clockwise under the materials incidents

North American Platelhisprocess is known
assubduction The motion of the plates is
not smooth. Fction and pressure along the
interface of the plates prevents the ocean
plate from moving under the continent,
locking them together for decades or
centuries.Strain builds up until the fault
breaks,and a few meters of the Juan de Fuca plate slips under the North Americadalaség a
megathrust earthquake.

Recenmodelling suggests thatubduction zone
earthquakes cause strong shakingcattain

frequendesthat exceed the desigstandards for
many new concrete core high rise buildings.
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